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TARGETED CHROMOSOMAL GENOMIC ALTERATIONS IN PLANTS 
USING MODIFIED SINGLE STRANDED OLIGONUCLEOTIDES 

Field Of The Invention 

The technical field of the invention is oligonucleotide-directed repair or alteration of plant 
genetic information using novel chemically modified oligonucleotides. 

Background Of The Invention 

A number of methods have been developed specifically to alter the genomic information 
of plants. These methods generally include the use of vectors such as, for example, T-DNA, carrying 
nucleic acid sequences encoding partial or complete portions of a particular protein which is expressed in 
a cell or tissue to effect the alteration. The expression of the particular protein then results in the desired 
phenotype. See, for example, United States Patent 4,459,355 which describes a method for transforming 
plants with a DNA vector and United States Patent 5,188,642 which describes cloning or expression 
vectors containing a transgenic DNA sequence which when expressed in plants confers resistance to the 
herbicide glyphosate. The use of such transgene-containing vectors adds one or more exogenous copies 
of a gene in a usually random fashion at one or more integration sites of the plants genome at some 
variable frequency. The introduced gene may be foreign or may be derived from the host plant Any 
gene which was originally present in the genome, which may be, for example, a normal allelic variant 
mutated, defective, and/or functional copy of the introduced gene, is retained in the genome of the host 
plant 

These methods of gene alteration are problematic in that complications which can 
compromise the vigor, productivity, yield, etc. of the plant may result One such problem is that insertion 
of exogenous nucleic acid at random location(s) in the genome can have deleterious effects. The random 
nature of this insertion and/or the use of exogenous promoters can also cause the timing, location or 
strength of expression of the introduced transgene to be inappropriate or unpredictable. Another problem 
with such systems includes the addition of unnecessary and unwanted genetic material to the genome of 
the recipient, including, for example, T-DNA ends or other vector remnants, exogenous control 
sequences required to allow production of the transgene protein, which control sequences may be 
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exogenous or native to the host plant and/or the transgene, and reporter genes or resistance markers. 
Such remnants and added sequences may have presently unrecognized consequences, for example, 
involving genetic rearrangements of the recipient genomes. In addition, concerns have been raised with 
consumption, especially by humans, of plants containing such exogenous genetic material. 

More recently, simpler systems involving poly- or oligo- nucleotides have been described 
for use in the alteration of genomic DNA These chimeric RNA-DNA oligonucleotides, requiring 
contiguous RNA and DNA bases in a double-stranded molecule folded by complementarity into a double 
hairpin conformation, have been shown to effect single basepair or frameshift alterations, for example, for 
mutation or repair of plant, animal or fungal genomes. See, for example, WO 99/07865 and U.S. Patent 
5,565,350. In the chimeric RNA-DNA oligonucleotide, an uninterrupted stretch of DNA bases within the 
molecule is required for sequence alteration of the targeted genome while the obligate RNA residues are 
involved in complex stability. Due to the length, backbone composition, and structural configuration of 
these chimeric RNA-DNA molecules, they are expensive to synthesize and difficult to purify. Moreover, if 
the RNA-containing strand of the chimeric RNA-DNA oligonucleotide is designed so as to direct gene 
alteration, a series of mutagenic reactions resulting in nonspecific base alteration can result Such a 
result reduces the utility of such a molecule in methods designed for targeted gene alteration. 

Alternatively, other oligo- or poly- nucleotides have been used which require a triplex 
forming, usually polypurine or polypyrimidine, structural domain which binds to a DNA helical duplex 
through Hoogsteen interactions between the major groove of the DNA duplex and the oligonucleotide. 
Such oligonucleotides may have an additional DNA reactive moiety, such as psoralen, covalently linked 
to the oligonucleotide. These reactive moieties function as effective intercalation agents, stabilize the 
formation of-a triplex and can be mutagenic. Such agents may be required in order to stabilize the triplex 
forming domain of the oligonucleotide with the DNA double helix if the Hoogsteen interactions from the 
oligonucleotide/target base composition are insufficient See, e.g., U.S. Patent 5,422,251. The utility of 
these oligonucleotides for directing targeted gene alteration is compromised by a high frequency of 
nonspecific base changes. 

In more recent work, the domain for altering a genome is linked or tethered to the triplex 
forming domain of the bi-functional oligonucleotide, adding an additional linking or tethering functional 
domain to the oligonucleotide. See, e.g., Culver et al., Nature Biotechnnlnny 1 7: 989-93 (1 999). Such 
chimeric or triplex forming molecules have distinct structural requirements for each of the different 
domains of the complete poly- or oligo-nucleotide in order to effect the desired genomic alteration in either 
episomal or chromosomal targets. 
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Other genes, e.g. CFTR, have been targeted by homologous recombination using duplex 
fragments having several hundred basepairs. See, e.g., Kunzelmann et al., Gene Then 3:859-867 
(1996). Similar efforts to target genes by homologous recombination in plants using large fragments of 
DNA had some success. See Kempin et al., Nature 389:802-803 (1997). However, the efficiency and 
reproducibility of the published homologous recombination approach in plants has severely limited the 
widespread use of this method. 

Earlier experiments to mutagenize an antibiotic resistance indicator gene by homologous 
recombination used an unmodified DNA oligonucleotide rather than larger fragments of DNA, wherein the 
oligonucleotide had no functional domains ottier than a region of complementary sequence to the target 
See Campbell et al., New Biologist 1 : 223-227 (1 989). These experiments required large concentrations 
of the oligonucleotide, exhibited a very low frequency of episomal modification of a targeted exogenous 
plasmid gene not normally found in the cell and have not been reproduced. However, as shown in 
examples herein, we have observed that an unmodified DNA oligonucleotide can convert a base at low 
frequency which is detectable using the assay systems described herein. 

Oligonucleotides designed for use in the targeted alteration of genetic information are 
significantly different from oligonucleotides designed for antisense approaches. For example, antisense 
oligonucleotides are perfectly complementary to and bind an mRNA strand in order to modify expression 
of a targeted mRNA and are used at high concentration. As a consequence, they are unable to produce a 
gene conversion event by either mutagenesis or repair of a defect in the chromosomal DNA of a host 
genome. Furthermore, the backbone chemical composition used in most oligonucleotides designed for 
use in antisense approaches renders them inactive as substrates for homologous pairing or mismatch 
repair enzymes and the high concentrations of oligonucleotide required for antisense applications can be 
toxic with some types of nucleotide modifications. In addition, antisense oligonucleotides must be 
complementary to the mRNA and therefore, may not be complementary to the other DNA strand or to 
genomic sequences that span the junction between intron sequence and exon sequence. 

Artificial chromosomes can be useful for the screening purposes identified herein. These 
molecules are man-made linear or circular DNA molecules constructed from essential cis-acting DNA 
sequence elements that are responsible for the proper replication and partitioning of natural 
chromosomes (Murray et al., 1 983), The essential elements are: (1 ) Autonomous Replication Sequences 
(ARS), (2) Centromeres, and (3) Telomeres. 

Yeast artificial chromosomes (YACs) allow large segments of genomic DNA to be cloned 
and modified (Burke et al., Science 236:806; Peterson etal., Trends Genet. 13:61 (1997); Choi, etal., Nat 
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Genet, 4:117-223 (1993), Davies, et al. Biotechnology 11:911-914 (1993), Matsuura, et al., Hum. Mol. 
Genet, 5:451-459 (1996), Peterson et al., Proc. Natl. Acad. Sci., 93:6605-6609 (1996); and Schedl, et al. 
Cell, 86:71-82 (1996)). Other vectors also have been developed for the cloning of large segments of 
genomic DNA, including cosmids, and bacteriophage P1 (Sternberg et al., Proc. Natl. Acad. Sci. U.SA, 
87:103-107 (1990)). YACs have certain advantages over these alternative large capacity cloning vectors 
(Burke et al. Science, 236:806-81 2 (1 987)). The maximum insert size is 35-30 kb for cosmids, and 1 00 
kb for bacteriophage P1 , both of which are much smaller than the maximal insert size for a YAC. 

An alternative to YACs are cloning systems based on the £. co// fertility factor that have 
been developed to construct large genomic DNA insert libraries. They are bacterial artificial 
chromosomes (BACs) and P-1 derived artificial chromosomes (PACs) (Mejia et al. Genome Res. 
7:1 79-1 86 (1 997); Shizuya et al, Proc. Natl. Acad. Sci. 89:8794-8797 (1 992); loannou et al, Nat Genet, 
6:84-89 (1994); Hosoda et al. Nucleic Acids Res. 18:3863 (1990)). BACs are based on the E. coli fertility 
plasmid (F factor); and PACs are based on the bacteriophage P1. These vectors propagate at a very low 
copy number (1-2 per cell) enabling genomic inserts up to 300 kb in size to be stably maintained in 
recombination deficient hosts. The PACs and BACs are circular DNA molecules that are readily isolated 
from the host genomic background by classical alkaline lysis (Birnboim et al. Nucleic Acids Res. 
7:1 51 3-1 523 (1 979)). In addition, BACs have been developed for transformation of plants with high- 
molecular weight DNA using the T-DNA system (Hamilton, Gene 24:1 07-1 1 6 (1 997); Frary & Hamilton, 
Transgenic Res. 10: 121-132 (2001)). 

A need exists for simple, inexpensive oligonucleotides capable of producing targeted 
alteration of genetic material such as those described herein as well as methods to identify optimal 
oligonucleotides that accurately and efficiently alter target DNA. 

Summary Of The Invention 

Novel, modified single-stranded nucleic acid molecules that direct gene alteration in 
plants are identified and the efficiency of alteration is analyzed both in vitro using a cell-free extract assay 
and in vivo using a yeast system and a plant system. The alteration in an oligonucleotide of the invention 
may comprise an insertion, deletion, substitution, as well as any combination of these. Site specific 
alteration of DNA is not only useful for studying function of proteins in vivo, but it is also useful for creating 
plants with desired phenotypes, including, for example, environmental stress tolerance, improved 
nutritional value, herbicide resistance, disease resistance, modified oil production, modified starch 
production, and altered floral morphology including selective sterility. As described herein, 
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oligonucleotides of the invention target directed specific gene alterations in genomic double-stranded 
DNA in cells. The target genomic DNA can be nuclear chromosomal DNA as well as piastid or 
mitochondrial chromosomal DNA. The target DNA can also be a transgene present in the plant cell, 
including; for example, a previously introduced T-DNA. For screening purposes, the target plant DNA can 
also be extrachromosomal DNA present in plant or non-plant cells in various forms including, e.g., 
mammalian artificial chromosomes (MACs), PACs from P-1 vectors, yeast artificial chromosomes (YACs), 
bacterial artificial chromosomes (BACs), plant artificial chromosomes (PLACs), as well as episomal DNA, 
including episomal DNA from an exogenous source such as a plasmid or recombinant vector. Many of 
these artificial chromosome constructs containing plant DNA can be obtained from a variety of sources, 
including, e.g., the Arabidopsis Biological Resource Center (ABRC) at the Ohio State University, and the 
Rice Genome Research Program at the MAFF DNA bank in Ibaraki, Japan. The target DNA may be 
transcriptionally silent or active. In a preferred embodiment the target DNA to be altered is the non- 
transcribed strand of a genomic DNA duplex. In a more preferred embodiment, the target DNA to be 
altered is the non-transcribed strand of a transcribed gene of a genomic DNA duplex. 

The low efficiency of targeted gene alteration obtained using unmodified DNA 
oligonucleotides is believed to be largely the result of degradation by nucleases present in the reaction 
mixture or the target cell. Although different modifications are known to have different effects on the 
nuclease resistance of oligonucleotides or stability of duplexes formed by such oligonucleotides (see, 
e.g., Koshkin et at., J. Am. Chem. Soc. 1 20:1 3252-3), we have found that it is not possible to predict 
which of any particular known modification would be most useful for any given alteration event including 
for the construction of gene alteration oligonucleotides, because of the interaction of different as yet 
unidentified proteins during the gene alteration event Herein, a variety of nucleic acid analogs have been 
developed that increase the nuclease resistance of oligonucleotides that contain them, including, e.g., 
nucleotides containing phosphorothioate linkages or 2-O-methyl analogs. We recently discovered that 
single-stranded DNA oligonucleotides modified to contain 2'-0-methyl RNA nucleotides or 
phosphorothioate linkages can enable specific alteration of genetic information at a higher level than 
either unmodified single-stranded DNA or a chimeric RNA/DNA molecule. See, for example, copending 
applications United States application no. 60/208,538, United States application no. 60/244,989, United 
States application no. 09/818,875, international application no. PCT/US01/09761 and Gamper etal., 
Nucleic Acids Research 28: 4332-4339 (2000), the disclosures of which are incorporated herein in their 
entirety by reference. We also found that additional nucleic acid analogs which increase the nuclease 
resistance of oligonucleotides that contain them, including, e.g., "locked nucleic acids" or °LNAs 0 , xylo- 
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LNAs and t-ribo-LNAs; see, for example, Wengel & Nielsen, WO 99/14226; Wengel, WO 00/56748; 
Wengel, WO 00/66604; and Jakobsen & Koshkin, WO 01/25478 also allow specific targeted alteration of 
genetic information. 

The assay allows for determining the optimum length of the oligonucleotide, optimum 
sequence of the oligonucleotide, optimum position of the mismatched base or bases, optimum chemical 
modification or modifications, optimum strand targeted for identifying and selecting the most efficient 
oligonucleotide for a particular gene alteration event by comparing to a control oligonucleotide. Control 
oligonucleotides may include a chimeric RNA-DNA double hairpin oligonucleotide directing the same 
gene alteration event an oligonucleotide that matches its target completely, an oligonucleotide in which all 
linkages are phosphorothiolated, an oligonucleotide fully substituted with 2'-0-methyl analogs or an RNA 
oligonucleotide. Such control oligonucleotides either fail to direct a targeted alteration or do so at a lower 
efficiency as compared to the oligonucleotides of the invention. The assay further allows for determining 
the optimum position of a gene alteration event within an oligonucleotide, optimum concentration of the 
selected oligonucleotide for maximum alteration efficiency by systematically testing a range of 
concentrations, as well as optimization of either the source of cell extract by testing different plants or 
strains, or testing cells derived from different plants or strains, or plant cell lines. Using a series of 
single-stranded oligonucleotides, comprising all RNA or DNA residues and various mixtures of the two, 
several new structures are identified as viable molecules in nucleotide conversion to direct or repair a 
genomic mutagenic event When extracts from mammalian, plant and fungal cells are used and are 
analyzed using a genetic readout assay in bacteria, single-stranded oligonucleotides having one of 
several modifications are found to be more active than a control RNA-DNA double hairpin chjmera 
structure when evaluated using an in vitro gene repair assay. Similar results are also observed in vivo 
using yeast mammalian and plant cells. Molecules containing various lengths of modified bases were 
found to possess greater activity than unmodified single-stranded DNA molecules. 

Detailed Description Of The Invention 

The present invention provides oligonucleotides having chemically modified, nuclease 
resistant residues, preferably at or near the termini of the oligonucleotides, and methods for their 
identification and use in targeted alteration of plant genetic material, including gene mutation, targeted 
gene repair and gene knockout The oligonucleotides are preferably used for mismatch repair or 
alteration by changing at least one nucleic acid base, or for frameshift repair or alteration by addition or 
deletion of at least one nucleic acid base. The oligonucleotides of the invention direct any such alteration, 
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including gene correction, gene repair or gene mutation and can be used, for example, to introduce a 
polymorphism or haplotype or to eliminate ("knockout") a particular protein activity. For example, gene 
alterations that knockout a particular protein activity can be obtained using oligonucleotides designed to 
convert a codon in the coding region of the protein to a stop codon, thus prematurely terminating 
translation of the protein. Oligonucleotides that introduce stop codons in the open-reading-frame of the 
protein are one embodiment of the invention. Generally, oligonucleotides that introduce stop codons 
early in the open-reading-frame of the protein are preferred. If the open-reading-frame contains more 
than one methionine, oligonucleotides that introduce stop codons after the second methionine are 
preferred. Additionally, if the gene exhibits alternative splice sites, oligonucleotides that introduce stop 
codons in exons after the alternative splice site are preferred. The following table provides examples of 
codons that can be converted to stop codons by altering a single oligonucleotide. A skilled artisan could 
readily identify other codons that can be converted to stop codons by altering one, two or three of the 
base pairs in a given codon. Similarly, a skilled artisan could readily identify codons that can be 
converted to stop codons by a frameshift mutations that inserts or deletes one or two base pairs in the 
open-reading-frame. It is also understood that more than one stop codon can be generated in a single 
open-reading-frame and that these stop codons can be adjacent in the sequence or separated by 
intervening codons. Where more than one stop codon is introduced into a single open-reading-frame, 
such alterations can be generated by a single or multiple oligonucleotides and can be generated 
simultaneously or by sequential mutagenesis of the target nucleic acid. 



Original codons* 


Corresponding stop codon 


GGA (glycine), AGA (arginine), CGA (arginine), TTA (leucine), 
TCA (serine), TGT (cysteine), TGG (tryptophan), TGC (cysteine) 


TGA 


AAG (lysine), GAG (glutamate), CAG (glutamine), TIG (leucine), 
TCG (serine), TGG (tryptophan), TAT (cysteine), TAG (tyrosine) 


TAG 


AAA (lysine), GAA (glutamate), CAA (glutamine), TJA (leucine), 
TCA (serine), TAI (cysteine), TAC (tyrosine) 


TAA 



*The amino acid encoded by the original codon is shown in parentheses and the base targeted for 
alteration to convert the codon to the corresponding stop codon is underlined and in bold 
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The oligonucleotides of the invention are designed as substrates for homologous pairing 
and repair enzymes and as such have a unique backbone composition that differs from chimeric RNA- 
DNA double hairpin oligonucleotides, antisense oligonucleotides, and/or other poly- or oligonucleotides 
used for altering genomic DNA, such as triplex forming oligonucleotides. The single-stranded oligo- 
nucleotides described herein are inexpensive to synthesize and easy to purify. In side-by-side 
comparisons, an optimized single-stranded oligonucleotide comprising modified residues as described 
herein is significantly more efficient than a chimeric RNA-DNA double hairpin oligonucleotide in directing a 
base substitution or frameshift mutation in a cell-free extract assay. 

We have discovered that single-stranded oligonucleotides having a DNA domain 
surrounding the targeted base, with the domain preferably central to the poly- or oligonucleotide, and 
having at least one modified end, preferably at the 3* terminal region, are able to alter a target genetic 
sequence and with an efficiency that is higher than chimeric RNA-DNA double hairpin oligonucleotides 
disclosed in US Patent 5,565,350. Preferred oligonucleotides of the invention have at least two modified 
bases on at least one of the termini, preferably the 3* terminus of the oligonucleotide. Oligonucleotides 
of the invention can efficiently be used to introduce targeted alterations in a genetic sequence of DNA in 
the presence of human, animal, plant, fungal (including yeast) proteins and in cells of different types 
including, for example, plant cells, fungal cells including S. cerevisiae, Ustillago maydis, Candida albicans, 
and mammalian cells. Particularly preferred are cells and cell extracts derived from plants including, for 
example, experimental model plants such as Chlamydomonas reinhardtii, Physcomitrella patens, and 
Arabidopsis thaliana in addition to crop plants such as cauliflower {Brassica oleracea), artichoke {Cynara 
scolymus), fruits such as apples (Ma/us, e.g. domesticus), mangoes (Mangifera, e.g. indica), banana 
(Musa, e.g.'aci/m/nafa), berries (such as currant, Ribes, e.g. rubrum), kiwifruit (Actinidia, e.g. chinensis), 
grapes (V/fe, e.g. vinifera), bell peppers (Capsicum, e.g. annuum), cherries (such as the sweet cherry, 
. Prunus, e.g. avium), cucumber (Cucumis, e.g. sativus), melons (Cucumis, e.g. melo), nuts (such as 
walnut, Juglans, e.g. regia; peanut Arachis hypogeae), orange [Citrus, e.g. maxima), peach {Prunus, e.g. 
persica), pear (Pyra, e.g. communis), plum {Pmnus, e.g. domestical strawberry {Fragaria, e.g. moschata 
or vesca), tomato {Lycopersicon, e.g. esculentum); leaves and forage, such as alfalfa (Medicago, e.g. 
sativa or truncatula), cabbage (e.g. Brassica oleracea), endive (Cichoreum, e.g. endMa), leek [Allium, 
e.g. porrum), lettuce (Lactuca, e.g. sativa), spinach (Spinacia, e.g. oleraceae), tobacco (Nicoiiana, e.g. 
tabacum); roots, such as arrowroot [Maranta, e.g. arundinacea), beet [Beta, e.g. vulgaris), carrot 
[Daucus, e.g. carafa), cassava [Manihot, e.g. esculenta), turnip (Brassica, e.g. rapa), radish (Raphanus, 
e.g. sativus), yam (Dioscorea, e.g. esculenta), sweet potato (Ipomoea batatas); seeds, including oilseeds, 
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such as beans (Phaseolus, e.g. vulgaris), pea (Pisum, e.g. sativum), soybean {Glycine, e.g. max), 
cowpea {Vigna unguiculata), mothbean {Vigna aconitifolia), wheat (Triticum, e.g. aesf/vum), sorghum 
(Sorgtom e.g. bicoloi), barley (Hordeum, e.g. vu/gare), corn (Zea, e.g. mays), rice (Oryza, e.g. saf/Va), 
rapeseed (Brassica napus), millet (Pan/cum sp.), sunflower {Helianthus annuus), oats (AVena sativa), 
chickpea (C/cer, e.g. arietinum); tubers, such as kohlrabi (Srass/ca, e.g. o/eraceae), potato (So/anu/n, e.g. 
tuberosum) and the like; fiber and wood plants, such as flax {Linum e.g. usitatissimum), cotton 
(Gossypium e.g. h/rsufum;, pine (P/nus sp.), oak {Quercus sp.), eucalyptus [Eucalyptus sp.), and the like 
and ornamental plants such as turfgrass (Lolium, e.g. rigidum), petunia (Petunia, e.g. x nyb/Wa), hyacinth 
(Hyacinthus orientalis), carnation (D/an//?us e.g. caryophyllus), delphinium (Delphinium, e.g. a/ac/s), Job's 
tears (Co/x lacryma-jobi), snapdragon (Antirrhinum majus), poppy (Papaver, e.g. nudicaule), lilac 
(Syringa, e.g. w/garis), hydrangea (Hydrangea e.g. macrophylla), roses (including Gallicas, Albas, 
Damasks, Damask Perpetuals, Centifolias, Chinas, Teas and Hybrid Teas) and ornamental goldenrods 
(e.g. So//dago spp.). Such plant cells can then be used to regenerate whole plants according to methods 
described herein or any method known in the art. The DNA domain of the oligonucleotides is preferably 
fully complementary to one strand of the gene target except for the mismatch base or bases responsible 
for the gene alteration event(s). On either side of the preferably central DNA domain, the contiguous 
bases may be either RNA bases or, preferably, are primarily DNA bases. The central DNA domain is 
generally at least 8 nucleotides in length. The base(s) targeted for alteration in the most preferred 
embodiments are at least about 8, 9 or 10 bases from one end of the oligonucleotide. 

According to certain embodiments, one or both of the termini of the oligonucleotides of 
the present invention comprise phosphorothioate modifications, LNA backbone (including LNA derivatives 
and analogs) modifications, or 2'-0-methyl base analogs, or any combination of these modifications. 
Oligonucleotides comprising 2'-0-methyl or LNA analogs are a mixed DNA/RNA polymer. The 
oligonucleotides of the invention are, however, single-stranded and are not designed to form a stable 
internal duplex structure within the oligonucleotide. The efficiency of gene alteration is surprisingly 
increased with oligonucleotides having internal complementary sequence comprising phosphorothioate 
modified bases as compared to 2-O-methyl modifications. This result indicates that specific chemical 
interactions are involved between the converting oligonucleotide and the proteins involved in the 
conversion. The effect of other such chemical interactions to produce nuclease resistant termini using 
modifications other than LNA (including LNA derivatives or analogs), phosphorothioate linkages, or 2-O- 
methyl analog incorporation into an oligonucleotide can not yet be predicted because the proteins 
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involved in the alteration process and their particular chemical interaction with the oligonucleotide 
substituents are not yet known and cannot be predicted. 

In the examples, oligonucleotides of defined sequence are provided for alteration of 
genes in particular plants. Provided the teachings of the instant application, one of skill in the art could 
5 readily design oligonucleotides. to introduce analogous alterations in homologous genes from any plant 
Furthermore, in the tables of these examples, the oligonucleotides of the invention are not limited to the 
particular sequences disclosed. The oligonucleotides of the invention include extensions of the 
appropriate sequence of the longer 120 base oligonucleotides which can be added base by base to the 
smallest disclosed oligonucleotides of 17 bases. Thus the oligonucleotides of the invention include for 

1 0 each correcting change, oligonucleotides of length 1 7, 1 8, 1 9, 20, 21 , 22, 23, 24, 25, 26, 27, 28, 29, 30, 
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 
1 1 1 , 1 1 2, 1 1 3, 1 1 4, 1 1 5, 1 1 6, 1 1 7, 1 1 8, 1 1 9, or 1 20 with further single-nucleotide additions up to the 

1 5 longest sequence disclosed. In some embodiments, longer nucleic acids of up to 240 bases which 

comprise the sequences disclosed herein may be used. Moreover, the oligonucleotides of the invention 
do not require a symmetrical extension on either side of the central DNA domain. Similarly, the 
oligonucleotides of the invention as disclosed in the various tables for alteration of particular plant genes 
contain phosphorothioate linkages, 2-O-methyl analog or LNA (including LNA derivatives and analogs) or 

20 any combination of these modifications just as the assay oligonucleotides do. 

The present invention, however, is not limited to oligonucleotides that contain any 
particular nuclease resistant modification. Oligonucleotides of the invention may be altered with any 
combination of additional LNAs (including LNA derivatives and analogs), phosphorothioate linkages or 2'- 
O-methyl analogs to maximize conversion efficiency. For oligonucleotides of the invention that are longer 

25 than about 1 7 to about 25 bases in length, internal as well as terminal region segments of the backbone 
may be altered. Alternatively, simple fold-back structures at each end of a oligonucleotide or appended 
end groups may be used in addition to a modified backbone for conferring additional nuclease resistance. 

The different oligonucleotides of the present invention preferably contain more than one 
of the aforementioned backbone modifications at each end. In some embodiments, the backbone 

30 modifications are adjacent to one another. However, the optimal number and placement of backbone 
modifications for any individual oligonucleotide will vary with the length of the oligonucleotide and the 
particular type of backbone modification(s) that are used. If constructs of identical sequence having 
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phosphorothioate linkages are compared, 2, 3, 4, 5, or 6 phosphorothioate linkages at each end are 
preferred. If constructs of identical sequence having 2-O-methyl base analogs are compared, 1, 2, 3 or 4 
analogs are preferred. The optimal number and type of backbone modifications for any particular oligo- 
nucleotide useful for altering target DNA may be determined empirically by comparing the alteration 

5 efficiency of the oligonucleotide comprising any combination of the modifications to a control molecule of 
comparable sequence using any of the assays described herein. The optimal positions) for 
oligonucleotide modifications for a maximally efficient altering oligonucleotide can be determined by 
testing the various modifications as compared to control molecule of comparable sequence in one of the 
assays disclosed herein. In such assays, a control molecule includes, e.g., a completely 2'-0-methyl 

1 0 substituted molecule, a completely complementary oligonucleotide, or a chimeric RNA-DNA double 
hairpin. 

Increasing the number of phosphorothioate linkages, LNAs or 2-O-methyl bases beyond 
the preferred number generally decreases the gene repair activity of a 25 nucleotide long oligonucleotide. 
Based on analysis of the concentration of oligonucleotide present in the extract after different time periods 

1 5 of incubation, it is believed that the terminal modifications impart nuclease resistance to the oligonucleo- 
tide thereby allowing it to survive within the cellular environment However, this may not be the only 
possible mechanism by which such modifications confer greater efficiency of conversion. For example, 
as disclosed herein, certain modifications to oligonucleotides confer a greater improvement to the 
efficiency of conversion than other modifications. 

20 Efficiency of conversion is defined herein as the percentage of recovered substrate 

molecules that have undergone a conversion event Depending on the nature of the target genetic 
material, e.g. the genome of a cell, efficiency could be represented as the proportion of cells or clones 
containing an extrachromosomal element that exhibit a particular phenotype. Alternatively, representative 
samples of the target genetic material can be sequenced to determine the percentage that have acquired 

25 the desire change. The oligonucleotides of the invention in different embodiments can alter DNA two, 
three, four, five, six, seven, eight, nine, ten, twelve, fifteen, twenty, thirty, and fifty or more fold more than 
control oligonucleotides. Such control oligonucleotides are oligonucleotides with fully phosphorothiolated 
linkages, oligonucleotides that are fully substituted with 2-O-methyl analogs, a perfectly matched 
oligonucleotide that is fully complementary to a target sequence or a chimeric DNA-RNA double hairpin 

30 oligonucleotide such as disclosed in US Patent 5,565,350. 

In addition, for a given oligonucleotide length, additional modifications interfere with the 
ability of the oligonucleotide to act in concert with the cellular recombination or repair enzyme machinery 
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which is necessary and required to mediate a targeted substitution, addition or deletion event in DNA. For 
example, fully phosphorothiolated or fully 2-O-methylated molecules are inefficient in targeted gene 
alteration. 

The oligonucleotides of the invention as optimized for the purpose of targeted alteration 
of genetic material, including gene knockout or repair, are different in structure from antisense oligo- 
nucleotides that may possess a similar mixed chemical composition backbone. The oligonucleotides of 
the invention differ from such antisense oligonucleotides in chemical composition, structure, sequence, 
and in their ability to alter genomic DNA. Significantly, antisense oligonucleotides fail to direct targeted 
gene alteration. The oligonucleotides of the invention may target either strand of DNA and can include 
any component of the genome including, for example, intron and exon sequences. The preferred 
embodiment of the invention is a modified oligonucleotide that binds to the non-transcribed strand of a 
genomic DNA duplex. In other words, the preferred oligonucleotides of the invention target the sense 
strand of the DNA, i.e. the oligonucleotides of the invention are complementary to the non-transcribed 
strand of the target duplex DNA. The sequence of the non-transcribed strand of a DNA duplex is found in 
the mRNA produced from that duplex, given that mRNA uses uracil-containing nucleotides in place of 
thymine-containing nucleotides. 

Moreover, the initial observation that single-stranded oligonucleotides comprising these 
modifications and lacking any particular triplex forming domain have reproducibly enhanced gene 
alteration activity in a variety of assay systems as compared to a chimeric RNA-DNA double-stranded 
hairpin control or single-stranded oligonucleotides comprising other backbone modifications was 
surprising. The single-stranded molecules of the invention totally lack the complementary RNA binding 
sfructure that stabilizes a normal chimeric double-stranded hairpin of the type disclosed in 
U.S. Patent 5,565,350 yet is more effective in producing targeted base conversion as compared to such a 
chimeric RNA-DNA double-stranded hairpin. In addition, the molecules of the invention lack any 
particular triplex forming domain involved in Hoogsteen interactions with the DNA double helix and 
required by other known oligonucleotides in other oligonucleotide-dependant gene conversion systems. 
Although the lack of these functional domains was expected to decrease the efficiency of an alteration in 
a sequence, just the opposite occurs: the efficiency of sequence alteration using the modified 
oligonucleotides of the invention is higher than the efficiency of sequence alteration using a chimeric 
RNA-DNA hairpin targeting the same sequence alteration. Moreover, the efficiency of sequence 
alteration or gene conversion directed by an unmodified oligonucleotide is many times lower as compared 
to a control chimeric RNA-DNA molecule or the modified oligonucleotides of the invention targeting the 
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same sequence alteration. Similarly, molecules containing at least 3 2-O-methyl base analogs are about 
four to five fold less efficient as compared to an oligonucleotide having the same number of 
phosphorothioate linkages. 

The oligonucleotides of the present invention for alteration of a single base are about 17 
to about 121 nucleotides in length, preferably about 17 to about 74 nucleotides in length. Most preferably, 
however, the oligonucleotides of the present invention are at least about 25 bases in length, unless there 
are self-dimerization structures within the oligonucleotide. If the oligonucleotide has such an unfavorable 
structure, lengths longer than 35 bases are preferred. Oligonucleotides with modified ends both shorter 
and longer than certain of the exemplified, modified oligonucleotides herein function as gene repair or 
gene knockout agents and are within the scope of the present invention. 

< 

Once an oligomer is chosen, it can be tested for its tendency to self-dimerize, since self- 
dimerization may result in reduced efficiency of alteration of genetic information. Checking for self- 
dimerization tendency can be accomplished manually or, preferably, using a software program. One 
such program is Oligo Analyzer 2.0, available through Integrated DNA Technologies (Coralville, IA 52241) 
(http://www.idtdna.com); this program is available for use on the world wide web at 
http://www.idtdna.com/program/oligoanalyzer/ 

oligoanalyzer.asp. 

For each oligonucleotide sequence input into the program, Oligo Analyzer 2.0 reports possible self- 
dimerized duplex forms, which are usually only partially duplexed, along with the free energy change 
associated with such self-dimerization. Delta G-values that are negative and large in magnitude, 
indicating strong self-dimerization potential, are automatically flagged by the software as "bad". Another 
software program that analyzes oligomers for pair dimer formation is Primer Select from DNASTAR, Inc., 
1228 S. Park St, Madison, Wl 53715, Phone: (608) 258-7420 
(http://www.dnastar.com/products/PrimerSelecthtml). 

If the sequence is subject to significant self-dimerization, the addition of further sequence flanking the 
"repair" nucleotide can improve gene correction frequency. 

Generally, the oligonucleotides of the present invention are identical in sequence to one 
strand of the target DNA, which can be either strand of the target DNA, with the exception of one or more 
targeted bases positioned within the DNA domain of the oligonucleotide, and preferably toward the middle 
between the modified terminal regions. Preferably, the difference in sequence of the oligonucleotide as 
compared to the targeted genomic DNA is located at about the middle of the oligonucleotide sequence. In 
a preferred embodiment, the oligonucleotides of the invention are complementary to the non-transcribed 
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strand of a duplex. In other words, the preferred oligonucleotides target the sense strand of the DNA, i.e. 
the oligonucleotides of the invention are preferably complementary to the strand of the target DNA the 
sequence of which is found in the mRNA. 

The oligonucleotides of the invention can include more than a single base change. In an 
oligonucleotide that is about a 70-mer, with at least one modified residue incorporated on the ends, as 
disclosed herein, multiple bases can be simultaneously targeted for change. The target bases may be up 
to 27 nucleotides apart and may not be changed together in all resultant plasmids in all cases. There is a 
frequency distribution such that the closer the target bases are to each other in the central DNA domain, 
within the oligonucleotides of the invention, the higher the frequency of change in a given cell. Target 
bases only two nucleotides apart are changed together in every case that has been analyzed. The 
farther apart the two target bases are, the less frequent the simultaneous change. Thus, oligonucleotides 
of the invention may be used to repair or alter multiple bases rather than just one single base. For 
example, in a 74-mer oligonucleotide having a central base targeted for change, a base change event up 
to about 27 nucleotides away can also be effected. The positions of the altering bases within the 
oligonucleotide can be optimized using any one of the assays described herein. Preferably, the altering 
bases are at least about 8 nucleotides from one end of the oligonucleotide. 

The oligonucleotides of the present invention can be introduced into cells by any suitable 
means. According to certain preferred embodiments, the modified oligonucleotides may be used alone. 
Suitable means, however, include the use of polycations, cationic lipids, liposomes, polyethylenimine 
(PEI), electroporation, biolistics, microinjection and other methods known in the art to facilitate cellular 
uptake. For plant cells, biolistic or particle bombardment methods are typically used. According to certain 
preferred embodiments of the present invention, isolated plant cells are treated in culture according to the 
methods of the invention, to mutate or repair a target gene. Alternatively, plant target DNA may be 
modified in vitro or in another cell type, including for example, yeast or bacterial cells and then introduced 
into a plant cell as, for example, a T-DNA. Plant cells thus modified may be used to regenerate the whole 
organism as, for example, in a plant having a desired targeted genomic change. In other instances, 
targeted genomic alteration, including repair or mutagenesis, may take place in vivo following direct 
administration of the modified, single-stranded oligonucleotides of the invention to a subject 

The single-stranded, modified oligonucleotides of the present invention have numerous 
applications as gene repair, gene modification, or gene knockout agents. Such oligonucleotides may be 
advantageously used, for example, to introduce or correct multiple point mutations. Each mutation leads 
to the addition, deletion or substitution of at least one base pair. The methods of the present invention 
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offer distinct advantages over other methods of altering the genetic makeup of an organism, in that only 
the individually targeted bases are altered. No additional foreign DNA sequences are added to the 
genetic complement of the organism. Such agents may, for example, be used to develop plants with 
improved traits by rationally changing the sequence of selected genes in isolated cells and using these 
modified cells to regenerate whole plants having the altered gene. See, e.g., U.S. Patent 6,046,380 and 
U.S. Patent 5,905,185 incorporated herein by reference. Such plants produced using the compositions of 
the invention lack additional undesirable selectable markers or other foreign DNA sequences. Targeted 
base pair substitution or frameshift mutations introduced by an oligonucleotide in the presence of a cell- 
free extract also provides a way to modify the sequence of extrachromosomal elements, including, for 
example, plasmids, cosmids and artificial chromosomes. The oligonucleotides of the invention also 
simplify the production of plants having particular modified or inactivated genes. Altered plant model 
systems such as those produced using the methods and oligonucleotides of the invention are invaluable 
in determining the function of a gene and in evaluating drugs. The oligonucleotides and methods of the 
present invention may also be used to introduce molecular markers, including, for example, SNPs, 
RFLPs,AFLPs and CAPs. 

The purified oligonucleotide compositions may be formulated in accordance with routine 
procedures depending on the target For example, purified oligonucleotide can be used directly in a 
standard reaction mixture to introduce alterations into targeted DNA in vitro or where cells are the target 
as a composition adapted for bathing cells in culture or for microinjection into cells in culture. The purified 
oligonucleotide compositions may also be provided on coated microbeads for biolistic delivery into plant 
cells. Where necessary, the composition may also include a solubilizing agent Generally, the 
ingredients'will be supplied either separately or mixed together in single-use form, for example, as a dry, 
lyophilized powder or water-free concentrate. In general, dosage required for efficient targeted gene 
alteration will range from about 0.001 to 50,000 pg/kg target tissue, preferably between 1 to 250 pg/kg, 
and most preferably at a concentration of between 30 and 60 micromolar. 

For cell administration, direct injection into the nucleus, biolistic bombardment, 
electroporation, liposome transfer and calcium phosphate precipitation may be used. In yeast lithium 
acetate or spheroplast transformation may also be used. In a preferred method, the administration is 
performed with a liposomal transfer compound, e.g., DOTAP (Boehringer-Mannheim) or an equivalent 
such as lipofectin. The amount of the oligonucleotide used is about 500 nanograms in 3 micrograms of 
DOTAP per 100,000 cells. For electroporation, between 20 and 2000 nanograms of oligonucleotide per 
million cells to be electroporated is an appropriate range of dosages which can be increased to improve 
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efficiency of genetic alteration upon review of the appropriate sequence according to the methods 
described herein. For biolistic delivery, microbeads are generally coated with resuspended 
oligonucleotides, which range of oligonucleotide to microbead concentration can be similarly adjusted to 
improve efficiency as determined using one of the assay methods described herein, starting with about 
0.05 to 1 microgram of oligonucleotide to 25 microgram of 1 .0 micrometer gold beads or similar 
microcarrier. 

Another aspect of the invention is a kit comprising at least one oligonucleotide of the 
invention. The kit may comprise an additional reagent or article of manufacture. The additional reagent 
or article of manufacture may comprise a delivery mechanism, cell extract, a cell, or a plasmid, such as 
one of those disclosed in the Figures herein, for use in an assay of the invention. Alternatively, the 
invention includes a kit comprising an isogenic set of cells in which each cell in the kit comprises a 
different altered amino acid for a target protein encoded by a targeted altered gene within the cell 
produced according to the methods of the invention. 

Brief Description Of The Drawings 

Figure 1. Flow diagram for the generation of modified single-stranded oligonucleotides. 
The upper stands of chimeric oligonucleotides I and II are separated into pathways resulting in the 
generation of single-stranded oligonucleotides that contain (A) 2'-0-methyl RNA nucleotides or (B) 
phosphorothioate linkages. Fold changes in repair activity for correction of kan s in the HUH7 cell-free 
extract are presented in parenthesis. HUH7 cells are described in Nakabayashi et al., Cancer Research 
42: 3858-3863 (1982). Each single-stranded oligonucleotide is 25 bases in length and contains a G 
residue mismatched to the complementary sequence of the kan s gene. The numbers 3, 6, 8, 10, 12 and 
12.5 respectively indicate how many phosphorothioate linkages (S) or 2'-0-methyl RNA nucleotides (R) 
are at each end of the molecule. Hence oligo 12S/25G contains an all phosphorothioate backbone, 
displayed as a dotted line. Smooth lines indicate DNA residues, wavy lines indicate 2'-0-methyl RNA 
residues and the carat indicates the mismatched base site (G). Figure 1 (C) provides a schematic plasmid 
indicating the sequence of the kan chimeric double-stranded hairpin oligonucleotide (left) and the 
sequence the tet chimeric double-stranded hairpin oligonucleotide used in other experiments. Figure 
1 (D) provides a flow chart of a kan experiment in which a chimeric double-stranded hairpin 
oligonucleotide is used. 

Figure 2. Genetic readout system for correction of a point mutation in plasmid pK s m4021 . 
A mutant kanamycin gene harbored in plasmid pK s m4021 is the target for correction by oligonucleotides. 
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The mutant G is converted to a C by the action of the oligo. Corrected plasmids confer resistance to 
kanamycin in E.coli (DH1 OB) after electroporation leading to the genetic readout and colony counts. 

Figure 3: Target plasmid and sequence correction of a frameshift mutation by chimeric 
and single-stranded oligonucleotides. (A) Plasmid pT&lOB contains a single base deletion mutation at 
5 position 208 rendering it unable to confer tet resistance. The target sequence presented below indicates 
the insertion of a T directed by the oligonucleotides to re-establish the resistant phenotype. (B) DNA 
sequence confirming base insertion directed by Tet 3S/25G; the yellow highlight indicates the position of 
frameshift repair. 

Figure 4. DNA sequences of representative karf colonies. Confirmation of sequence 

1 0 alteration directed by the indicated molecule is presented along with a table outlining codon distribution. 
Note that 10S/25G and 12S/25G elicit both mixed and unfaithful gene repair. The number of clones 
sequenced is listed in parentheses next to the designation for the single-stranded oligonucleotide. A plus 
(+) symbol indicates the codon identified while a figure after the (+) symbol indicates the number of 
colonies with a particular sequence. TAC/TAG indicates a mixed peak. Representative DNA sequences 

1 5 are presented below the table with yellow highlighting altered residues. 

Figure 5. Gene correction in HeLa cells. Representative oligonucleotides of the 
invention are co-transfected with the pCMVneoOFIAsH plasmid (shown in Figure 9) into HeLa cells. 
Ligand is diffused into cells after co-transfection of plasmid and oligonucleotides. Green fluorescence 
indicates gene correction of the mutation in the antibiotic resistance gene. Correction of the mutation 

20 results in the expression of a fusion protein that carries a marker ligand binding site and when the fusion 
protein binds the ligand, a green fluorescence is emitted. The ligand is produced by Aurora Biosciences 
and can readily diffuse into cells enabling a measurement of corrected protein function; the protein must 
bind the ligand directly to induce fluorescence. Hence cells bearing the corrected plasmid gene appear 
green while "uncorrected" cells remain colorless. 

25 Figure 6. Z-series imaging of corrected cells. Serial cross-sections of the HeLa cell 

represented in Figure 5 are produced by Zeiss 510 LSM confocal microscope revealing that the fusion 
protein is contained within the cell. 

Figure 7. Hygromycin-eGFP target plasmids. (A) Plasmid pAURHYG(ins)GFP contains 
a single base insertion mutation between nucleotides 136 and 137, at codon 46, of the Hygromycin B 

30 coding sequence (cds) which is transcribed from the constitutive ADH1 promoter. The target sequence 
presented below indicates the deletion of an A and the substitution of a C for a T directed by the 
oligonucleotides to re-establish the resistant phenotype. (B) Plasmid pAURHYG(rep)GFP contains a 
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base substitution mutation introducing a G at nucleotide 137, atcodon 46, of the Hygromycin B coding 
sequence (cds). The target sequence presented below the diagram indicates the amino acid - 
conservative replacement of G with C, restoring gene function. 

Figure 8. Oligonucleotides for correction oi hygromycin resistance gene. The sequence 
of the oligonucleotides used in experiments to assay correction of a hygromycin resistance gene are 
shown. DNA residues are shown in capital letters, RNA residues are shown in lowercase and nucleotides 
with a phosphorothioate backbone are capitalized and underlined. 

Figure 9. pAURNeo(-)FIAsH plasmid. This figure describes the plasmid structure, target 
sequence, oligonucleotides, and the basis for detection of the gene alteration event by fluorescence. 

Figure 1 0. pYESHyg(x)eGFP plasmid. This plasmid is a construct similar to the 
pAURHyg(x)eGFP construct shown in Figure 7, except the promoter is the inducible GAL1 promoter. 
This promoter is inducible with galactose, leaky in the presence of raffinose, and repressed in the 
presence of dextrose. 

Figure 1 1 . pBI-HygeGFP plasmid. This plasmid is a construct based on the plasmids 
pBI101,pBI 101.2, pBI101.3orpB1 121 available from Clontech in which HygeGFP replaces the beta- 
glucuronidase gene of the Clontech plasmids. The different Clontech plasmids vary by a reading frame 
shift relative to the polylinker, or the presence of the Cauliflower mosaic virus promoter. 

The following examples are provided by way of illustration only, and are not intended to 
limit the scope of the invention disclosed herein. 

EXAMPLE 1 
Assay Method For Base Alteration 
And Preferred Oligonucleotide Selection 

In this example, single-stranded and double-hairpin oligonucleotides with chimeric backbones 
(see Figure 1 for structures (A and B) and sequences (C and D) of assay oligonucleotides) are used to 
correct a point mutation in the kanamycin gene of pK s m4021 (Figure 2) or the tetracycline gene of 
pT s A208 (Figure 3). All kan oligonucleotides share the same 25 base sequence surrounding the target 
base identified for change, just as all tet oligonucleotides do. The sequence is given in Figures 1 C and 
Figure 1D. Each plasmid contains a functional ampicillin gene. Kanamycin gene function is restored 
when a G at position 4021 is converted to a C (via a substitution mutation); tetracycline gene function is 
restored when a deletion at position 208 is replaced by a C (via frameshift mutation). A separate plasmid, 
pAURNeo(-)FIAsH (Figure 9), bearing the kan s gene is used in the cell culture experiments. This plasmid 
was constructed by inserting a synthetic expression cassette containing a neomycin phosphotransferase 
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(kanamycin resistance) gene and an extended reading frame that encodes a receptor for the FIAsH 
ligand into the pAUR123 shuttle vector (Panvera Corp., Madison, Wl). The resulting construct replicates 
in S, cerevisiae at low copy number, confers resistance to aureobasidinA and constitutively expresses 
either the Neo-^FIAsH fusion product (after alteration) or the truncated Neo-/FIAsH product (before 

5 alteration) from the ADH1 promoter. By extending the reading frame of this gene to code for a unique 
peptide sequence capable of binding a small ligand to form a fluorescent complex, restoration of 
expression by correction of the stop codon can be detected in real time using confocal microscopy. 

Additional constructs can be made to test additional gene alteration events or for specific use in 
different expression systems. For example, alternative comparable plant plasmids or integration vectors 

1 0 such as, e.g. those based on T-DNA, can be constructed for stable expression in plant cells according to 
the disclosures herein. Such constructs would use a plant specific promoter such as, e.g., cauliflower 
mosaic virus 35S promoter, to replace the promoters directing expression of the neo, hyg or 
aureobasidinA resistance gene disclosed herein, including for example, in Figures 7B, 9 and 10 herein. 
Moreover, the green fluorescent protein (GFP) sequence used herein may be modified to increase 

1 5 expression in plant cells such as Arabidopsis and the other plants disclosed herein as described in 

Haseloff etal., Proc. NatLAcad. Sci, 94(6): (1997), Rouwendal et al. Plant Mol. Biol. 33(6): 989-99 
(1997) and Hu et al. FEBS Lett. 369(2-3): 331-4 (1995). Codon usage for optimal expression of GFP in 
plants results from increasing the frequency of codons with a C or a G in the third position from 32 to 
about 60%. Specific constructs are disclosed and can be used as follows with such plant specific 

20 alterations. 

We also construct three mammalian expression vectors, pHyg(rep)eGFP, pHyg(A)eGFP, 
pHyg(ins)eGFP, that contain a substitution mutation at nucleotide 137 of the hygromycin-B coding 
sequence, (rep) indicates a T1 37-»G replacement (A) represents a deletion of the G1 37 and (ins) 
represents an A insertion between nucleotides 136 and 137. All point mutations create a nonsense 

25 termination codon at residue 46, We use pHYGeGFP plasmid (Invitrogen, CA) DNA as a template to 
introduce the mutations into the hygromycin-eGFP fusion gene by a two step site-directed mutagenesis 
PCR protocol. First, we generate overlapping 5' and a 3' amplicons surrounding the mutation site by PCR 
for each of the point mutation sites. A 21 5 bp 5' amplicon for the (rep), (A) or (ins) was generated by 
polymerization from oligonucleotide primer HygEGFPf (5 , -AATACGACTCACTATAGG-3 , ) to primer 

30 Hygrepr ^GACCTATCCACGCCCTCC-S'), HygAr (5'-GACTATCCACGCCCTCC-3'), or Hyginsr (5'- 

GACATTATCCACGCCCTCC-3'), respectively. We generate a 300bp 3' amplicon for the (rep), (A) or . 
(ins) by polymerization from oligonucleotide primers Hygrepf (5-CTGGGATAGGTCCTGCGG-3'), HygAf 
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(5XGTGGATAGTCCTGCGG-3'), Hyginsf (5'-CGTGGATAATGTCCTGCGG-3'), respectively to primer 
HygEGFPr (5'-AAATCACGCCATGTAGTG-3'). We mix 20 ng of each of the resultant 5' and 3' 
overlapping amplicon mutation sets and use the mixture as a template to amplify a 523 bp fragment of the 
Hygromycin gene spanning the Kpnl and Rsrll restriction endonuclease sites. We use the Expand PCR 
system (Roche) to generate all amplicons with 25 cycles of denaturing at 94°C for 10 seconds, annealing 
at 55°C for 20 seconds and elongation at 68°C for 1 minute. We digest 10 pg of vector pHYGeGFP and 
5 gg of the resulting fragments for each mutation with Kpnl and Rsrll (NEB) and gel purify the fragment 
for enzymatic ligation. We ligate each mutated insert into pHYGeGFP vector at 3:1 molar ratio using T4 
DNA ligase (Roche). We screen clones by restriction digest confirm the mutation by Sanger dideoxy 
chain termination sequencing and purify the plasmid using a Qiagen maxiprep kit 

Oligonucleotide synthesis and cells. Chimeric oligonucleotides and single-stranded 
oligonucleotides (including those with the indicated modifications) are synthesized using available 
phosphoramidites on controlled pore glass supports. After deprotection and detachment from the solid 
support, each oligonucleotide is gel-purified using, for example, procedures such as those described in 
Gamper et a/. f Biochem. 39, 5808-5816 (2000) and the concentrations determined spectrophotometrically 
(33 or 40 pg/ml per A^ unit of single-stranded or hairpin oligomer). HUH7 cells are grown in DMEM, 
10% FBS, 2mM glutamine, 0.5% pen/strep. The Eco// strain, DH10B, is obtained from Life Technologies 
(Gaithersburg, MD); DH10B cells contain a mutation in the RECA gene (recA). 

Cell-tee extracts. Although this portion of this example is directed to mammalian 
systems, similar extracts from plants can be prepared as disclosed elsewhere in this application and used 
as disclosed in this example. We prepare cell-free extracts from HUH7 cells or other mammalian cells, as 
follows. We employ this protocol with essentially any mammalian cell including, for example, H1299 cells 
(human epithelial carcinoma, non-small cell lung cancer), C127I (immortal murine mammary epithelial 
cells), MEF (mouse embryonic fibroblasts), HEC-1-A (human uterine carcinoma), HCT15 (human colon 
cancer), HCT1 16 (human colon carcinoma), LoVo (human colon adenocarcinoma), and HeLa (human 
cervical carcinoma). We harvest approximately 2x1 0 B cells. We then wash the cells immediately in cold 
hypotonic buffer (20 mM HEPES, pH7.5; 5 mM KCI; 1.5 mM MgCI 2 ; 1 mM DTT) with 250 mM sucrose. 
We then resuspend the cells in cold hypotonic buffer without sucrose and after 1 5 minutes we lyse the 
cells with 25 strokes of a Dounce homogenizer using a tight fitting pestle. We incubate the lysed cells for 
60 minutes on ice and centrifuge the sample for 15 minutes at 12000xg. The cytoplasmic fraction is 
enriched with nuclear proteins due to the extended co-incubation of the fractions following cell breakage. 
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We then immediately aliquote and freeze the supernatant at -80°C. We determine the protein 
concentration in the extract by the Bradford assay. 

We also perform these experiments with cell-free extracts obtained from fungal cells, 
including, for example, S. cerevisiae (yeast), Ustilago maydis, and Candida albicans. For example, we 
grow yeast cells into log phase in 2L YPD medium for 3 days at 30°C. We then centrifuge the cultures at 
5000xg, resuspend the pellets in a 10% sucrose, 50 mM Tris, 1mM EDTA lysis solution and freeze them 
on dry ice. After thawing, we add KCI, spermidine and lyticase to final concentrations of 0.25 mM, 5 mM 
and 0.1 mg/ml, respectively. We incubate the suspension on ice for 60 minutes, add PMSF and Triton 
X100 to final concentrations of 0.1 mM and 0.1% and continue to incubate on ice for 20 minutes. We 
centrifuge the lysate at 3000xg for 10 minutes to remove larger debris. We then remove the supernatant 
and clarify it by centrifuging at 30000xg for 1 5 minutes. We then add glycerol to the clarified extract to a 
concentration of 10% (v/v) and freeze aliquots at-80 w C. We determine the protein concentration of the 
extract by the Bradford assay. 

Reaction mixtures of 50 pi are used, consisting of 10-30 pg protein of cell-free extract 
which can be optionally substituted with purified proteins or enriched fractions, about 1.5 M9 chimeric 
double-hairpin oligonucleotide or 0.55 pg single-stranded molecule (3S/25G or 6S/25G, see Figure 1), 
and 1 |jg of plasmid DNA (see Figures 2 and 3) in a reaction buffer of 20 mM Tris, pH 7.4, 15 mM MgCI 2 , 
0.4 mM DTT, and 1 .0 mM ATP. Reactions are initiated with extract and incubated at 30°C for 45 min. 
The reaction is stopped by placing the tubes on ice and then immediately deproteinized by two 
phenol/chloroform (1:1) extractions. Samples are then ethanol precipitated. The nucleic acid is pelleted 
at 1 5,000 r.pm at 4°C for 30 min., is washed with 70% ethanol, resuspended in 50 yl H 2 0, and is stored 
at-20°C. 5 (Jl of plasmid from the resuspension (-100 ng) was transfected in 20 (Jl of DM 0B cells by 
electroporation (400 V, 300 pF, 4 kO) in a Cell-Porator apparatus (Life Technologies). After electro- 
poration, cells are transferred to a 14 ml Falcon snap-cap tube with 2 ml SOC and shaken at 37°C for 1 h. 
Enhancement of final kan colony counts is achieved by then adding 3 ml SOC with 10 pg/ml kanamycin 
and the cell suspension is shaken for a further 2 h at 37°C. Cells are then spun down at 3750 x g and the 
pellet is resuspended in 500 |j| SOC. 200 m> is added undiluted to each of two kanamycin (50 Mg/ml) 
agar plates and 200 pi of a 1 0 5 dilution is added to an ampicillin (1 00 pg/ml) plate. After overnight 37°C 
incubation, bacterial colonies are counted using an Accucount 1000 (Biologies). Gene conversion 
effectiveness is measured as the ratio of the average of the kan colonies on both plates per amp colonies 
multiplied by 10" 5 to correct for the amp dilution. 
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The following procedure can also be used. 5 |jl of resuspended reaction mixtures (total 
volume 50 (Jl) are used to transform 20 pi aliquots of electro-competent DH10B bacteria using a 
Cell-Porator apparatus (Life Technologies). The mixtures are allowed to recover in 1 ml SOC at 37°C for 
1 hour at which time 50 pg/ml kanamycin or 12 pg/ml tetracycline is added for an additional 3 hours. 
Prior to plating, the bacteria are pelleted and resuspended in 200 p1 of SOC. 100 pi aliquots are plated 
onto kan or tet agar plates and 100 gl of a 10* 4 dilution of the cultures are concurrently plated on agar 
plates containing 100 pg/ml of ampicillin. Plating is performed in triplicate using sterile Pyrex beads. 
Colony counts are determined by an Accu-count 1000 plate reader (Biologies). Each plate contains 200- 
500 ampicillin resistant colonies or 0-500 tetracycline or kanamycin resistant colonies. Resistant colonies 
are selected for plasmid extraction and DNA sequencing using an ABI Prism kit on an ABI 31 0 capillary 
sequencer (PE Biosystems). 

Chimeric single-stranded oligonucleotides. In Figure 1 the upper strands of chimeric 
oligonucleotides I and II are separated into pathways resulting in the generation of single-stranded oligo- 
nucleotides that contain (Figure 1 A) 2'-0-methyl RNA nucleotides or (Figure 1B) phosphorothioate 
linkages. Fold changes in repair activity for correction of kan s in the HUH7 cell-free extract are presented 
in parenthesis. Each single-stranded oligonucleotide is 25 bases in length and contains a G residue 
mismatched to the complementary sequence of the kan s gene. 

Molecules bearing 3, 6, 8, 10 and 12 phosphorothioate linkages in the terminal regions at 
each end of a backbone with a total of 24 linkages (25 bases) are tested in the kan 5 system. Alternatively, 
molecules bearing 2, 4, 5, 7, 9 and 1 1 in the terminal regions at each end are tested. The results of one 
such experiment, presented in Table 1 and Figure 1B, illustrate an enhancement of correction activity 
directed by some of these modified structures. In this illustrative example, the most efficient molecules 
contained 3 or 6 phosphorothioate linkages at each end of the 25-mer; the activities are approximately 
equal (molecules IX and X with results of 3.09 and 3.7 respectively). A reduction in alteration activity may 
be observed as the number of modified linkages in the molecule is further increased. Interestingly, a 
single-strand molecule containing 24 phosphorothioate linkages is minimally active suggesting that this 
backbone modification when used throughout the molecule supports only a low level of targeted gene 
repair or alteration. Such a non-altering, completely modified molecule can provide a baseline control for 
determining efficiency of correction for a specific oligonucleotide molecule of known sequence in defining 
the optimum oligonucleotide for a particular alteration event 

The efficiency of gene repair directed by phosphorothioate-modified, single-stranded 
molecules, in a length dependent fashion, led us to examine the length of the RNA modification used in 
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the original chimera as it relates to correction. Construct III represents the n RNA-containing n strand of 
chimera I and, as shown in Table 1 and Figure 2A, it promotes inefficient gene repair. But, as shown in 
the same figure, reducing the RNA residues on each end from 10 to 3 increases the frequency of repair. 
At equal levels of modification, however, 25-mers with 2'-0-methyl ribonucleotides were less effective 
gene repair agents than the same oligomers with phosphorothioate linkages. These results reinforce the 
fact that an RNA containing oligonucleotide is not as effective in promoting gene repair or alteration as a 
modified DNA oligonucleotide. 

Repair of the kanamycin mutation requires a G-»C exchange. To confirm that the 
specific desired correction alteration was obtained, colonies selected at random from multiple 
experiments are processed and the isolated plasmid DNA is sequenced. As seen in Figure 4, colonies 
generated through the action of the single-stranded molecules 3S/25G (IX), 6S/25G (X) and 8S/25G (XI) 
respectively contained plasmid molecules harboring the targeted base correction. While a few colonies 
appeared on plates derived from reaction mixtures containing 25-mers with 10 or 1 2 thioate linkages on 
both ends, the sequences of the plasmid molecules from these colonies contain nonspecific base 
changes. In these illustrative examples, the second base of the codon is changed (see Figure 3). These 
results show that modified single-strands can direct gene repair, but that efficiency and specificity are 
reduced when the 25-mers contain 10 or more phosphorothioate linkages at each end. 

In Figure 1, the numbers 3, 6, 8, 10, 12 and 12.5 respectively indicate how many 
phosphorothioate linkages (S) or 2'-0-methyl RNA nucleotides (R) are at each end of the examplified 
molecule although other molecules with 2, 4, 5, 7, 9 and 1 1 modifications at each end can also be tested. 
Hence oligo 12S/25G represents a 25-mer oligonucleotide which contains 12 phosphorothioate linkages 
on each side of the central G target mismatch base producing a fully phosphorothioate linked backbone, 
displayed as a dotted line. The dots are merely representative of a linkage in the figure and do not depict 
the actual number of linkages of the oligonucleotide. Smooth lines indicate DNA residues, wavy lines 
indicate Z-O-methyl RNA residues and the carat indicates the mismatched base site (G). 

Correction of a mutant kanamycin gene in cultured mammalian cells. Although this 
portion of this example is directed to cultured mammalian cells, comparable methods may be used using 
cultured plant cells or protoplasts of those cells from the plant species disclosed herein. The experiments 
are performed using different eukaryotic cells including plant and mammalian cells, including, for example, 
293 cells (transformed human primary kidney cells), HeLa cells (human cervical carcinoma), and H1299 
(human epithelial carcinoma, non-small cell lung cancer). HeLa cells are grown at 37°C and 5% C0 2 in a 
humidified incubator to a density of 2 x 1 0 s cells/ml in an 8 chamber slide (Lab-Tek). After replacing the 
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regular DMEM with Optimem, the cells are co-transfected with 10 M9 of plasmid pAURNeo(-)FIAsH and 
5 |jg of modified single-stranded oligonucleotide (3S/25G) that is previously complexed with 10 M9 
iipofectamine, according to the manufacturer's directions (Life Technologies). The cells are treated with 
the liposome-DNA-oligo mix for 6 hrs at 37°C. Treated cells are washed with PBS and fresh DMEM is 
added. After a 1 6-1 8 hr recovery period, the culture is assayed for gene repair. The same 
oligonucleotide used in the cell-free extract experiments is used to target transfected plasmid bearing the 
kan s gene. Correction of the point mutation in this gene eliminates a stop codon and restores full 
expression. This expression can be detected by adding a small non-fluorescent ligand that bound to a 
C-C-R-E-C-C sequence in the genetically modified carboxy terminus of the kan protein, to produce a 
highly fluorescent complex (FIAsH system, Aurora Biosciences Corporation). Following a 60 min 
incubation at room temperature with the ligand (FIAsH-EDT2), cells expressing full length kan product 
acquire an intense green fluorescence detectable by fluorescence microscopy using a fluorescein filter 
set. Similar experiments are performed using the HygeGFP target as described in Example 2 with a 
variety of mammalian cells, including, for example, COS-1 and COS-7 cells (African green monkey), and 
CHO-K1 cells (Chinese hamster ovary). The experiments are also performed with PG12 cells (rat 
pheochromocytoma) and ES cells (human embryonic stem cells). 

Summary of experimental results. Tables 1, 2 and 3 respectively provide data on the 
efficiency of gene repair directed by single-stranded oligonucleotides. Table 1 presents data using a cell- 
free extract from human liver cells (HUH7) to catalyze repair of the point mutation in plasmid pkan s m4021 
(see Figure 1 ). Table 2 illustrates that the oligomers are not dependent on MSH2 or MSH3 for optimal 
gene repair activity. Table 3 illustrates data from the repair of a frameshift mutation (Figure 3) in the tet 
gene contained in plasmid pTetA208. Table 4 illustrates data from repair of the pkan s m4021 point 
mutation catalyzed by plant cell extracts prepared from canola and musa (banana). Colony numbers are 
presented as kan r or tef and fold increases (single strand versus double hairpin) are presented for kan r in 
Table 1. 

Figure 5A is a confocal picture of HeLa cells expressing the corrected fusion protein from 
an episomal target Gene repair is accomplished by the action of a modified single-stranded oligonucleo- 
tide containing 3 phosphorothioate linkages at each end (3S/25G). Figure 5B represents a "Z-series 0 of 
HeLa cells bearing the corrected fusion gene. This series sections the cells from bottom to top and 
illustrates that the fluorescent signal is "inside the cells". 

Results. In summary, we have designed a novel class of single-stranded 
oligonucleotides with backbone modifications at the termini and demonstrate gene repair/conversion 
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activity in mammalian and plant cell-free extracts. We confirm that the all DNA strand of the RNA-DNA 
double-stranded double hairpin chimera is the active component in the process of gene repair. In some 
cases, the relative frequency of repair by the.novel oligonucleotides of the invention is elevated 
approximately 3-4-fold in certain embodiments when compared to frequencies directed by chimeric RNA- 

5 DNA double hairpin oligonucleotides. 

This strategy centers around the use of extracts from various sources to correct a 
mutation in a plasmid using a modified single-stranded or a chimeric RNA-DNA double hairpin 
oligonucleotide. A mutation is placed inside the coding region of a gene conferring antibiotic resistance in 
bacteria, here kanamycin or tetracycline. The appearance of resistance is measured by genetic readout 

1 0 in E.coli grown in the presence of the specified antibiotic. The importance of this system is that both 

phenotypic alteration and genetic inheritance can be measured. Plasmid pK s m4021 contains a mutation 
(T-*G) at residue 4021 rendering it unable to confer antibiotic resistance in E.coli. This point mutation is 
targeted for repair by oligonucleotides designed to restore kanamycin resistance. To avoid concerns of 
plasmid contamination skewing the colony counts, the directed correction is from G-*C rather than G-4T 

1 5 (wild-type). After isolation, the plasmid is electroporated into the DH1 OB strain of Eco//, which contains 
inactive RecA protein. The number of kanamycin colonies is counted and normalized by ascertaining the 
number of ampicillin colonies, a process that controls for the influence of electroporation. The number of 
colonies generated from three to five independent reactions was averaged and is presented for each 
experiment A fold increase number is recorded to aid in comparison. 

20 The original RNA-DNA double hairpin chimera design, e.g., as disclosed in U.S. 

Patent 5,565,350, consists of two hybridized regions of a single-stranded oligonucleotide folded into a 
double hairpin configuration. The double-stranded targeting region is made up of a 5 base pair DNA/DNA 
segment bracketed by 10 base pair RNA/DNA segments. The central base pair is mismatched to the 
corresponding base pair in the target gene. When a molecule of this design is used to correct the kan s 

25 mutation, gene repair is observed (I in Figure 1 A). Chimera II (Figure 1 B) differs partly from chimera I in 
that only the DNA strand of the double hairpin is mismatched to the target sequence. When this chimera 
was used to correct the kan s mutation, it was twice as active. In the same study, repair function could be 
further increased by making the targeting region of the chimera a continuous RNA/DNA hybrid. 

Frame shift mutations are repaired. By using plasmid prA208, described in Figure 1 (C) 

30 and Figure 3, the capacity of the modified single-stranded molecules that showed activity in correcting a 
point mutation, can be tested for repair of a frameshift To determine efficiency of correction of the 
mutation, a chimeric oligonucleotide (Tet I), which is designed to insert a T residue at position 208, is 
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used. A modified single-stranded oligonucleotide (Tet IX) directs the insertion of a T residue at this same 
site. Figure 3 illustrates the plasmid and target bases designated for change in the experiments. When 
all reaction components are present (extract plasmid, oligomer), tetracycline resistant colonies appear. 
The colony count increases with the amount of oligonucleotide used up to a point beyond which the count 
falls off (Table 3). No colonies above background are observed in the absence of either extractor 
oligonucleotide, nor when a modified single-stranded molecule bearing perfect complementarity is used. 
Figure 3 represents the sequence surrounding the target site and shows that a T residue is inserted at the 
correct site. We have isolated plasmids from fifteen colonies obtained in three independent experiments 
and each analyzed sequence revealed the same precise nucleotide insertion. These data suggest that 
the single-stranded molecules used initially for point mutation correction can also repair nucleotide 
deletions. 

Comparison of phosphorothioaie oligonucleotides to 2'-0-methyl substituted 
oligonucleotides. From a comparison of molecules VII and XI, it is apparent that gene repair is more 
subject to inhibition by RNA residues than by phosphorothioate linkages. Thus, even though both of 
these oligonucleotides contain an equal number of modifications to impart nuclease resistance, XI (with 
16 phosphorothioate linkages) has good gene repair activity while VII (with 16 2-0-methyl RNA residues) 
is inactive. Hence, the original chimeric double hairpin oligonucleotide enabled correction directed, in 
large part, by the strand containing a large region of contiguous DNA residues. 

Oligonucleotides can target multiple nucleotide alterations within the same template. The 
ability of individual single-stranded oligonucleotides to correct multiple mutations in a single target 
template is tested using the plasmid pK s m4021 and the following single-stranded oligonucleotides 
modified with 3 phosphorothioate linkages at each end (indicated as underlined nucleotides): Oligol is a 
25-mer with the sequence TTCGATAAGCCTATGCTGACCCGTG corrects the original mutation present 
in the kanamycin resistance gene of pK s m4021 as well as directing another alteration 2 basepairs away in 
the target sequence (both indicated in boldface); Oligo2 is a 70-mer with the 5-end sequence 
TTCGGCTACGACTGGGCACAACAGACAATTGGC with the remaining nucleotides being completely 
complementary to the kanamycin resistance gene and also ending in 3 phosphorothioate linkages at the 
3' end. Oligo2 directs correction of the mutation in pK s m4021 as well as directing another alteration 21 
basepairs away in the target sequence (both indicated in boldface). 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pK s M4021 plasmid. These include, for example, a second 25-mer that . 
alters two nucleotides that are three nucleotides apart with the sequence 5'- 
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TTGTGCCCAGTCGTATCCGAATAGC-3'; a 70-mer that alters two nucleotides that are 21 nucleotides 
apart with the sequence S'-CATCAGAGCAGCCAATTGTCTGTTGTGCCCAGTCGTAGCCGAA 
TAGCCTCTCCACCCAAGCGGCCGGAGA-3'; and another 70-mer that alters two nucleotides that are 21 
nucleotides apart with the sequence 5'- 

GCTGACAGCCGGMCACGGCGGCATCAGAGCAGCCMnGTCTGTTGTGCCCAGTCGTAGCCGAAT 
AGCCT-3', The nucleotides in the oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same way as the other 
oligonucleotides of the invention. 

We assay correction of the original mutation in pK s m4021 by monitoring kanamycin 
resistance (the second alterations which are directed by Oligo2 and Oligo3 are silent with . respect to the 
kanamycin resistance phenotype). In addition, in experiments with Oligo2, we also monitor cleavage of 
the resulting plasmids using the restriction enzyme Tsp509l which cuts at a specific site present only 
when the second alteration has occurred (at ATT in Oligo2). We then sequence these clones to 
determine whether the additional, silent alteration has also been introduced. The results of an analysis 
are presented below: 





Oligol (25-mer) 


Oligo2 (70-mer) 


Clones with both sites changed 


9 


7 


Clones with a single site changed 


0 


2 


Clones that were not changed 


4 


1 



Nuclease sensitivity of unmodified DNA oligonucleotide. Electrophoretic analysis of 
nucleic acid recovered from the cell-free extract reactions conducted here confirm that the unmodified 
single-stranded 25-mer did not survive incubation whereas greater than 90% of the terminally modified 
oligos did survive (as judged by photo-image analyses of agarose gels). 

Plant extracts direct repair. The modified single-stranded constructs can be tested in 
plant cell extracts. We have observed gene alteration using extracts from multiple plant sources, 
including, for example, Arabidopsis, tobacco, banana, maize, soybean, canola, wheat spinach as well as 
spinach chloroplast extract or extracts made from other plant cells disclosed herein. We prepare the 
extracts by grinding plant tissue or cultured cells under liquid nitrogen with a mortar and pestle. We 
extract 3 ml of the ground plant tissue with 1.5 ml of extraction buffer (20 mM HEPES, pH7.5; 5 mM KCI; 
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1.5 mM MgCI* 10 mM DTT; and 10% [v/v] glycerol). Some plant cell-free extracts also include about 1% 
(w/v) PVP. We then homogenize the samples with 15 strokes of a Dounce homogenizes Following 
homogenization, we incubate the samples on ice for 1 hour and centrifuge at 3000 x g for 5 minutes to 
remove plant cell debris. We then determine the protein concentration in the supernatants (extracts) by 
Bradford assay. We dispense 100 |jg (protein) aliquots of the extracts which we freeze in a dry ice- 
ethanol bath and store at-80°C. 

We describe experiments using two sources here: a dicot (canola) and a monocot 
(banana, Musa acuminata cv. Rasthali). Each vector directs gene repair of the kanamycin mutation 
(Table 4); however, the level of correction is elevated 2-3 fold relative to the frequency observed with the 
chimeric oligonucleotide. These results are similar to those observed in the mammalian system wherein 
a significant improvement in gene repair occurred when modified single-stranded molecules were used. 

Tables are attached hereto. 
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Table I 



es. 



Oligonucleotide 



I 
1 

n 
n 
m 
m 

IV 

rv 
v 
v 

VI 
VI 

vn 
vn 
vm 
vm 

K 

a 
x 
x 

XI 
XI 

xn 
xn 
xin 
xm 

i 



Plasmid 
pK s m4021 



Extract (ug) W colonies 



10 


1AA 
Jwv 






A\ Q 

*fio 


l.Ox 


in 






20 


748 


1.78x 


in 
10 


J 




*5A 

20 


5 


O.Olx 


1 A 

10 


112 




20 


96 


0.22x 


1 A 
10 


217 




20 


342 


0.8 lx 


10 


6 




20 


39 


0.093x 


10 


0 




20 


0 


Ox 


10 


3 




20 


5 


0.01x 


10 


936 




20 


129S 


3.09x 


10 


1140 




20 


1588 


3.7x 


10 


480 




20 


681 


1.6x 


10 


18 




20 


25 


0.059x 


10 


0 




20 


4 


0.009x 


20 


0 






0 





Fo>d increase 



Plasmid pK B m4021 (l|ig), the indicated oligonucleotide (1.5 jig chimeric oligonucleotide 
or 0.55 jig single-stranded oligonucleotide; molar ratio of oligo to plasmid of 360 to 1) 
and either 10 or 20 jig of HUH7 cell-free extract were incubated 45 min at 37°C. Isolated 
plasmid DNA was electroporated into £ coli (strain DH10B) and the number of kan r 
colonies counted. The data represent the number of kanamycin resistant colonies per 10 6 
ampicillin resistant colonies generated from the same reaction and is the average of three 
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experiments (standard deviation usually less than +/- 15%). Fold increase is defined 
relative to 418 kan r colonies (second reaction) and in all reactions was calculated using 
the 20ng sample. 
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Table n 



Modified single-stranded oligomers are not dependent on MSH2 or MSH3for optimal 

gene repair i 



A. Oligonucleotide Plasmid 



Extract 



kan f colonies 



DC(3S/25G) 

X (6S/25G) 

DC 

X 

DC 

X 

DC 

X 



HUH7 

HUH7 

MEF2* 

MEF2" / " 

MEF3 V - 

MEF3 V " 

MEF** 

MEF** 

MEF2 V * 

MEF3 V * 

MEF** 



637 

836 

781 

676 

S82 

530 

332 

497 

10 

5 

14 



Chimeric oligonucleotide (1.S ug) or modified single-stranded oligonucleotide (0.55 ug) 
was incubated with lug of plasmid PKW021 and 20ug of the indicated extracts. MEF 
represents mouse embryonic fibroblasts with either MSH2 (2 W ~) or MSH3 (3"*) deleted. 
MET*? indicates wild-type mouse embryonic fibroblasts. The other reaction components 
were then added and processed through the bacterial readout system. The data represent the 
number of kanamycin resistant colonies per 10 6 ampicillin resistant colonies. 
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Table in 

Frameshift mutation repair is directed by single-stranded oligonucleotides 



Oligonucleotide 



Tet DC (3S/25A; 0.5 ug) P rA208 (lug) 



TetDC(0.5»ig) 
Tet DC (1.5 ug) 
Tet DC (2.0 tig) 
Tet I (chimera; 1.5 ug) 



Extract tet* colonies 

- 0 
20ug 0 
48 
130 
68 
48 



Each reaction mixture contained the indicated amounts of plasmid and oligonucleotide. 
The extract used for these experiments came from HUH7 cells. The data represent the 
number of tetracycline resistant colonies per 10 6 ampicillin resistant colonies generated 
from the same reaction and is the average of 3 independent experiments. Tet I is a 
chimeric oligonucleotide and Tet DC is a modified single-stranded oligonucleotide that 
are designed to insert a T residue at position 208 of pVA208. These oligonucleotides are 
equivalent to structures I and DC in Figure 2. 
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Table IV 

Plant cell-free, extracts support gene repair by single-stranded oligonucleotides 



Oligonucleotide 



Plasmid 



II (chimera) 
DC(3S/25G) 
X(6S/25G) 

II 

DC 

X 



DC 
X 



pK i m4021 



Extract 


kan r colonies 


30ng Canola 


337 


Canola 


763 


Canola 


882 


Musa 


203 


Musa 


343 


Musa 


746 


Canola 


0 


Musa 


0 


- Canola 


0 


• Musa 


0 



Canola or Musa cell-free extracts were tested for gene repair activity on the kanamycin- 
sensitive gene as previously described in (18). Chimeric oligonucleotide II (1.S \ig) and 
modified single-stranded oligonucleotides DC and X (0.55jig) were used to correct 
pK s ih4021. Total number of kan r colonies are present per 10 7 ampicillin resistant 
colonies and represent an average of four independent experiments. 
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EXAMPLE 2 
Yeast Cell Targeting Assay Method for Base 
Alteration and Preferred Oligonucleotide Selection 

In this example, single-stranded oligonucleotides with modified backbones and double- 
hairpin oligonucleotides with chimeric, RNA-DNA backbones are used to measure gene repair using two 
episomal targets with a fusion between a hygromycin resistance gene and eGFP as a target for gene 
repair. These plasmids are pAURHYG(rep)GFP, which contains a point mutation in the hygromycin 
resistance gene (Figure 7), pAURHYG(ins)GFP, which contains a single-base insertion in the hygromycin 
resistance gene (Figure 7) and pAURHYG(A)GFP which has a single base deletion. We also use the 
plasmid containing a wild-type copy of the hygromycin-eGFP fusion gene, designated 
pAURHYG(wt)GFP, as a control. These plasmids also contain an aureobasidinA resistance gene. In 
pAURHYG(rep)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when a G at position 137, at codon 46 of the hygromycin B coding sequence, is converted to 
a C thus removing a premature stop codon in the hygromycin resistance gene coding region. In 
pAURHYG(ins)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when an A inserted between nucleotide positions 136 and 137, at codon 46 of the 
hygromycin B coding sequence, is deleted and a C is substituted for the T at position 137, thus correcting 
a frameshift mutation and restoring the reading frame of the hygromycin-eGFP fusion gene. 

We synthesize the set of three yeast expression constructs pAURHYG(rep)eGFP, 
pAURHYG(A)eGFP, pAURHYG(ins)eGFP, that contain a point mutation at nucleotide 137 of the 
hygromycin-B coding sequence as follows, (rep) indicates a T137 , H>G replacement, (A) represents a 
deletion of the G137 and (ins) represents an A insertion between nucleotides 136 and 137. We construct 
this set of plasmids by excising the respective expression cassettes by restriction digest from 
pHyg(x)EGFP and ligation into pAUR123 (Panvera, CA). We digest 10 pg pAUR123 vector DNA, as well 
as, 10 M9 of each pHyg(x)EGFP construct with Kpnl and Sail (NEB). We gel purify each of the DNA 
fragments and prepare them for enzymatic ligation. We ligate each mutated insert into pHygEGFP vector 
at 3:1 molar ratio using T4 DNA ligase (Roche). We screen. clones by restriction digest, confirm by 
Sanger dideoxy chain termination sequencing and purify using a Qiagen maxiprep kit 

We use this system to assay the ability of five oligonucleotides (shown in Figure 8) to 
support correction under a variety of conditions. The oligonucleotides which direct correction of the 
mutation in pAURHYG(rep)GFP can also direct correction of the mutation in pAURHYG(ins)GFP. Three 
of the four oligonucleotides (HygE3T/25, HygE3T/74 and HygGG/Rev) share the same 25-base sequence 
surrounding the base targeted for alteration. HygGG/Rev is an RNA-DNA chimeric double hairpin 
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oligonucleotide of the type described in the prior art One of these oligonucleotides, HygE3T/74, is a 74- 
base oligonucleotide with the 25-base sequence centrally positioned. The fourth oligonucleotide, 
designated HygE3T/74a, is the reverse complement of HygE3T/74. The fifth oligonucleotide, designated 
Kan70T, is a non-specific, control oligonucleotide which is not complementary to the target sequence. 
5 Alternatively, an oligonucleotide of identical sequence but lacking a mismatch to the target or a completely 
thioate modified oligonucleotide or a completely 2-0-methylated modified oligonucleotide may be used as 
a control. Alternatively, oligonucleotides containing one, two, three, four, five, six, eight, ten or more LNA 
modifications on at least one of the two termini (and preferably the 3' terminus) may be used in different 
embodiments. 

1 0 Oligonucleotide synthesis and cells. We synthesized and purified the chimeric, double- 

hairpin oligonucleotides and single-stranded oligonucleotides (including those with the indicated 
modifications) as described in Example 1 . Plasmids used for assay were maintained stably in yeast 
{Saccharomyces cerevisiae) strain LSY678 MATor at low copy number under aureobasidin selection. 
Plasmids and oligonucleotides are introduced into yeast cells by electroporation as follows: to prepare 

1 5 electrocompetent yeast cells, we inoculate 1 0 ml of YPD media from a single colony and grow the 
cultures overnight with shaking at 300 rpm at 30°C. We then add 30 ml of fresh YPD media to the 
overnight cultures and continue shaking at 30°C until the OD 600 was between 0.5 and 1.0 (3-5 hours). We 
then wash the cells by centrifuging at 4°C at 3000 rpm for 5 minutes and twice resuspending the cells in 
25 ml ice-cold distilled water. We then centrifuge at 4°C at 3000 rpm for 5 minutes and resuspend in 1 ml 

20 ice-cold 1M sorbitol and then finally centrifuge the cells at 4°C at 5000 rpm for 5 minutes and resuspend 
the cells in 120 |j| 1M sorbitol. To transform electrocompetent cells with plasmids or oligonucleotides, we 
mix 40 |jl of cells with 5 pg of nucleic acid, unless otherwise stated, and incubate on ice for 5 minutes. 
We then transfer the mixture to a 0.2 cm electroporation cuvette and electroporate with a BIO-RAD Gene 
Pulser apparatus at 1 .5 kV, 25 pF, 200 Q for one five-second pulse. We then immediately resuspend the 

25 cells in 1 ml YPD supplemented with 1 M sorbitol and incubate the cultures at 30°C with shaking at 300 
rpm for 6 hours. We then spread 200 [i\ of this culture on selective plates containing 300 (jg/ml 
hygromycin and spread 200 jjI of a 10 s dilution of this culture on selective plates containing 500 ng/ml 
aureobasidinA and/or and incubate at 30°C for 3 days to allow individual yeast colonies to grow. We then 
count the colonies on the plates and calculate the gene conversion efficiency by determining the number 

30 of hygromycin resistance colonies per 1 0 5 aureobasidinA resistant colonies. 

Frameshift mutations are repaired in yeast cells. We test the ability of the 
oligonucleotides shown in Figure 8 to correct a frameshift mutation in vivo using LSY678 yeast cells 
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containing the plasmid pAURHYG(ins)GFP. These experiments, presented in Table 6, indicate that these 
oligonucleotides can support gene correction in yeast cells. These data reinforce the results described in 
Example 1 indicating that oligonucleotides comprising phosphorothioate linkages facilitate gene correction 
much more efficiently than control duplex, chimeric RNA-DNA oligonucleotides. This gene correction 

5 activity is also specific as transformation of cells with the control oligonucleotide Kan70T produced no 

hygromycin resistant colonies above background and thus Kan70T did not support gene correction in this 
system. In addition, we observe that the 74-base oligonucleotide (HygE3T/74) corrects the mutation in 
pAURHYG(ins)GFP approximately five-fold more efficiently than the 25-base oligonucleotide 
(HygE3T/25). We also perform control experiments with LSY678 yeast cells containing the plasmid 

1 0 pAURHYG(wt)GFP. With this strain we observed that even without added oligonucleotides, there are too 
many hygromycin resistant colonies to count. 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pAURHYG(x)eGFP plasmid. These include, for example, one that 
alters two basepairs that are 3 nucleotides apart is a 74-mer with the sequence 5- 

15 CTCGTGCTTTCAGCnCGATGTAGGAGGGCGTGGGTACGTCCTGCGGGTAAATAGCTGCGCCGATG 
GTTTCTAC-3'; a 74-mer that alters two basepairs that are 15 nucleotides apart with the sequence 5- 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAACAGCTGCGCCGATG 
GTTTCTAC-3'; and a 74-mer that alters two basepairs that are 27 nucleotides apart with the sequence 5- 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAATAGCTGCGCCGACG 

20 GTTTCTAC. The nucleotides in these oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same ways as the other 
oligonucleotides of the invention. 

Oligonucleotides targeting the sense strand direct gene correction more efficiently. We 
compare the ability of single-stranded oligonucleotides to target each of the two strands of the target 

25 sequence of both pAURHYG(ins)GFP and pAURHYG(rep)GFP. These experiments, presented in Tables 
7 and 8, indicate that an oligonucleotide, HygE3T/74cc, with sequence complementary to the sense 
strand (i.e. the strand of the target sequence that is identical to the mRNA) of the target sequence 
facilitates gene correction approximately ten-fold more efficiently than an oligonucleotide, HygE3T/74, 
with sequence complementary to the non-transcribed strand which serves as the template for the 

30 synthesis of RNA. As indicated in Table 7, this effect was observed over a range of oligonucleotide 

concentrations from 0-3.6 pg, although we did observe some variability in the difference between the two 
oligonucleotides (indicated in Table 7 as a fold difference between HygE3T/74a and HygE3T/74). 
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Furthermore, as shown in Table 8, we observe increased efficiency of correction by HygE3T/74oc relative 
to HygE3T/74 regardless of whether the oligonucleotides were used to correct the base substitution 
mutation in pAURHYG(rep)GFP or the insertion mutation in pAURHYG(ins)GFP. The data presented in 
Table 8 further indicate that the single-stranded oligonucleotides correct a base substitution mutation 
more efficiently than an insertion mutation. However, this last effect was much less pronounced and the 
oligonucleotides of the invention are clearly able efficiently to correct both types of mutations in yeast 
cells. In addition, the role of transcription is investigated using plasmids with inducible promoters such as 
that described in Figure 10. 

Optimization of oligonucleotide concentration. To determine the optimal concentration of 
oligonucleotide for the purpose of gene alteration, we test the ability of increasing concentrations of 
Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP contained in yeast LSY678. We chose this 
assay system because our previous experiments indicated that it supports the highest level of correction. 
However, this same approach could be used to determine the optimal concentration of any given 
oligonucleotide. We test the ability of Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP 
contained in yeast LSY678 over a range of oligonucleotide concentrations from 0-10.0 pg. As shown in 
Table 9, we observe that the correction efficiency initially increases with increasing oligonucleotide 
concentration, but then declines at the highest concentration tested. 

Tables are attached hereto. 



I 
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Table 6 

Correction of an insertion mutation in pAURHYG(ins)GFP by HygGG/Rev, HygE3T/25 and HygE3T/74 



Oligonucleotide Tested 


Colonies on 
Hygromycin 


Colonies on 
Aureobasidin (/10 s ) 


Correction 
Efficiency 


HygGG/Rev 


3 


157 


0.02 


HygE3T/25 


64 


147 


0.44 


HygE3T/74 


280 


174 


1.61 


Kan70T 


0 







Table 7 

An oligonucleotide targeting the sense strand of the target sequence corrects more efficiently. 



Amount of Oligonucleotide (|jg) 


Colonies per hyg 


romycin plate 




HygE3T/74 


HygE3T/74a 


0 


0 


0 


0.6 


24 


128(8.4x)* 


1.2 


69 


140 (7.5x)* 


2.4 


62 


167(3.8x)* 


3.6 


29 


367 (15x)* 



* The numbers in parentheses represent the fold increase in efficiency for targeting the non-transcribed 
strand as compared to the other strand of a DNA duplex that encodes a protein. 
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Table 8 

Correction of a base substitution mutation is more efficient than correction of a frame shift mutation. 



Oligonucleotide Tested (5 pg) 


Plasmid tested (contained in LSY678) 




pAURHYG(ins)GFP 


pAURHYG(rep)GFP 


HygE3T/74 


72 


277 


HygE3T/74a 


1464 


| 2248 


Kan70T 


0 


0 



Table 9 

Optimization of oligonucleotide concentration in electroporated yeast cells. 



Amount (M9) 


Colonies on 


Colonies on 


Correction efficiency 




hygromycin 


aureobasidin (/10 s ) 




0 


0 


67 


0 


1.0 


5 


64 


0.08 


2.5 


47 


30 


1.57 


5.0 


199 


33 


6.08 


7.5 


383 


39 


9.79 


| 10.0 


191 


33 


5.79 



Example 3 
Cultured Cell Manipulation 

Although disclosure in this example is directed to use of stem cells or human blood cells 
and microinjection, the microinjection procedures may also be used with cultured plant cells or protoplasts 
using any plant species, including those disclosed herein. Mononuclear cells are isolated from human 
umbilical cord blood of normal donors using Ficoll Hypaque (Pharmacia Biotech, Uppsala, Sweden) 
density centrifugation. CD34+ cells are immunomagnetically purified from mononuclear cells using either 
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the progenitor or Multisort Kits (Miltenyi Biotec, Auburn, CA). Lin"CD38" cells are purified from the 
mononuclear cells using negative selection with StemSep system according to the manufacturer's 
protocol (Stem Cell Technologies, Vancouver, CA). Cells used for microinjection are either freshly 
isolated or cryopreserved and cultured in Stem Medium (S Medium) for 2 to 5 days prior to microinjection. 

5 S Medium contains Iscoves' Modified Dulbecco's Medium without phenol red (IMDM) with 1 00 Mg/ml 
glutamine/penicillin/streptomycin, 50 mg/ml bovine serum albumin, 50 pg/ml bovine pancreatic insulin, 1 
mg/ml human transferrin, and IMDM; Stem Cell Technologies), 40 |jg/ml low-density lipoprotein (LDL; 
Sigma, St Louis, MO), 50 mM HEPEs buffer and 50 pM 2-mercaptoethanol, 20 ng/ml each of 
thrombopoietin, flt-3 ligand, stem cell factor and human IL-6 (PeproTech Inc., Rocky Hill, NJ). After 

1 0 microinjection, cells are detached and transferred in bulk into wells of 48 well plates for culturing. 

35 mm dishes are coated overnight at 4° C with 50 pg/ml Fibronectin (FN) fragment CH- 
296 (Retronectin; TaKaRa Biomedicals, Panvera, Madison, Wl) in phosphate buffered saline and washed 
with IMDM containing glutamine/penicillin/streptomycin. 300 to 2000 cells are added to cloning rings and 
attached to the plates for 45 minutes at 37° C prior to microinjection. After incubation, cloning rings are 

1 5 removed and 2 ml of S Medium are added to each dish for microinjection. Pulled injection needles with a 
range of 0.22 (jm to 0.3 |jm outer tip diameter are used. Cells are visualized with a microscope equipped 
with a temperature controlled stage set at 37° C and injected using an electronically interfaced Eppendorf 
Micromanipulator and Transjector. Successfully injected cells are intact, alive and remain attached to the 
plate post injection. Molecules that are flourescently labeled allow determination of the amount of 

20 oligonucleotide delivered to the cells. 

For in vitro erythropoiesis from Lin~CD38~ cells, the procedure of Malik, 1998 can be 
used. Cells are cultured in ME Medium for 4 days and then cultured in E Medium for 3 weeks. 
Erythropoiesis is evident by glycophorin A expression as well as the presence of red color representing 
the presence of hemoglobin in the cultured cells. The injected cells are able to retain their proliferative 

25 capacity and the ability to generate myeloid and erythoid progeny. CD34+ cells can convert a normal A 
(P A ) to sickle T ((3 s ) mutation in the p-globin gene or can be altered using any of the oligonucleotides of 
the invention herein for correction or alteration of a normal gene to a mutant gene. Alternatively, stem 
cells can be isolated from blood of humans having genetic disease mutations and the oligonucleotides of 
the invention can be used to correct a defector to modify genomes within those cells. 

30 Alternatively, non-stem cell populations of cultured cells can be manipulated using any 

method known to those of skill in the art including, for example, the use of polycations, cationic lipids, 
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liposomes, polyethylenimine (PEI), electroporation, biolistics, calcium phosphate precipitation, or any 
other method known in the art 

BioJistic delivery of oligonucleotide into plant cells may be accomplished according to the 
following method. One milliliter of packed cell volume of plant cell suspensions are subcultured onto 
plates containing solid medium [with Murashige and Skoog salts from Gibco/BRL, 500 mg/liter Mes, 1 
mg/Iiter thiamin, 100 mg/liter myo-inositol, 180 mg/liter KH2P04, 2.21 mg/liter 2,4-dichlorophenoxyacetic 
acid (2,4-D), and 30 g/liter sucrose (pH 5.7} and having 8 g/liter agar-agar from Sigma added before 
autoclaving]. By using a helium-driven particle gun such as that from BioRad and following manufacturers 
directions, oligonucleotides may be introduced to cells after precipitation onto 1 micrometer or 
comparable gold microcarriers (Bio-Rad). To precipitate onto microcarriers, 35 microliters of a particle 
suspension (60 mg of microcarriers per ml of 1 00% ethanol) is transferred to a 1 .5 ml microcentrifuge 
tube, which is agitated on a vortex mixer. Then 40 microliter of resuspended oligonucleotide (60 
ng/microliter water) is added; then 75 microliter of ice-cold 2.5 M CaCI2 is added; then 75 microliter of ice- 
cold 0.1 M spermidine is added. The tube is mixed vigorously or a vortex mixer for 10 min at room 
temperature. The particles are allowed to settle for 1 0 min and are centrifuged at 1 1 ,750 g for 30 sec. 
The supernatant is removed and the particles are resuspended in 50 microliter of 100% ethanol. An 
aliquot of 1 0 microliter of the resuspended particles are applied to each macro-projectile which is used to 
bombard each plate once at 900 psi (1 psi = 6.89 kPa) with a gap distance (distance from power source 
to macroprojectile) of 1 cm and a target distance (distance from microprojectile launch site to target 
material) of 10 cm. 

An alternative method of delivery can be used as follows. Cultured cells are suspended in liquid 
N6 medium and then plated on a VWR Scientific glass fiber filter. About 0.4 microgram of oligonucleotide 
are precipitated with 1 5 microliter of 2.5 mM CaCI2 and 5 microliter of 0.1 M spermidine onto 25 
microgram of 1.0 micrometer gold particles. Microprojectile bombardment is performed by using a Bio- 
Rad PDS-10G0 He particle delivery system or comparable machine following manufacturers instructions. 
Alterations in oligonucleotide concentrations can be employed to determine the optimum concentration of 
oligonucleotide according to the procedures described herein for any particular oligonucleotide of the 
invention. 

Alternatively, the oligonucleotide of the invention may be delivered to a plant cell by 
electroporation of a protoplast derived from a plant part The protoplasts may be formed by enzymatic 
treatment of a plant part, particularly a leaf, according to techniques such as those in Gallois et al., 
Methods in Molecular Biology 55: 89-107 by Humana Press. Such conditions for electroporation use 
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about 3 x 1 0 5 protoplasts in a total volume of about 0.3 ml with a concentration of oligonucleotide of 
between 0.6 to 4 microgram per ml. 

EXAMPLE 4 
Plant Cells 

The oligonucleotides of the invention can also be used to repair or direct a mutagenic 
event in plants and animal cells. Although little information is available on plant mutations amongst 
natural cultivars, the oligonucleotides of the invention can be used to produce "knock out" mutations by 
modification of specific amino acid codons to produce stop codons (e.g., a CM codon specifying Gin can 
be modified at a specific site to TAA; a AAG codon specifying Lys can be modified to UAG at a specific 
site; and a CGA codon for Arg can be modified to a UGA codon at a specific site). Such base pair 
changes will terminate the reading frame and produce a defective truncated protein, shortened at the site 
of the stop codon 

. Alternatively, frameshift additions or deletions can be directed into the genome at a specific sequence to 
interrupt the reading frame and produce a garbled downstream protein. Such stop or frameshift mutations 
can be introduced to determine the effect of knocking out the protein in either plant or animal cells. 

For introduction of a T-DNA, including the T-DNA in the plasmid of Figure 1 1 , into a plant 
cell, Agrobacterium tumefaciens is used. These techniques are routine standard techniques known in the 
art For example, one method follows. We transform A tumefaciens is transformed by electroporation 
(using a BioRad Gene Pulser™). Competent A tumefaciens is prepared using a method similar to that of 
preparing competent E. co/i by suspending a freshly grown culture three times in ice-cold water and a 
final resuspension in 10% glycerol. Electroporation conditions are a 0.2 cm gap cuvette at a setting of 25 
MF, 200 Q and 2.5 kV. 

A tumefaciens containing a plasmid with a T-DNA is then used to introduce the T-DNA 
into a plant cell using routine standard techniques known in the art For example, we transform 
Arabidopsis by vacuum infiltration or by dipping flowers in an Agrobacterium solution containing a 
surfactant, e.g. L-77. Seeds are then collected, grown and screened for presence of the T-DNA 
Alternatively, Agrobacterium can be used to transform callus tissue and the callus tissue can then be 
used to regenerate transformed plants. 

All publications and patent applications cited in this specification are herein incorporated . 
by reference as if each individual publication or patent application were specifically and individually 
indicated to be incorporated by reference. Although the foregoing invention has been described in some 
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detail by way of illustration and example for purposes of clarity of understanding, it will be readily apparent 
to those of ordinary skill in the art in light of the teachings of this invention that certain changes and 
modifipations may be made thereto without departing from the spirit or scope of the appended claims. 

Notes on the tables presented below: 

Each of the following tables presents, for the specified gene, a plurality of mutations that 
are known to confer a relevant phenotype and, for each mutation, the oligonucleotides that can be used to 
correct the respective mutation site-specifically in the genome according to the present invention. 

The left-most column identifies each alteration or mutation and the phenotype that the 
alteration/mutation confers. 

For most entries, the mutation/alteration is identified at both the nucleic acid and protein 
level. At the amino acid level, mutations are presented according to the following standard nomenclature. 
The centered number identifies the position of the mutated codon in the protein sequence; to the left of the 
number is the wild type residue and to the right of the number is the mutant codon. Terminator codons 
are shown as "TERM". At the nucleic acid level, the entire triplet of the wild type and mutated codons is 
shown. 

The middle column presents, for each mutation, four oligonucleotides capable of 
repairing the mutation site-specifically in the genome or in cloned DNA including DNA in artificial 
chromosomes, episomes, plasmids, or other types of vectors. The oligonucleotides of the invention, 
however, may include any of the oligonucleotides sharing portions of the sequence of the 121 base 
sequence. Thus, oligonucleotides of the invention for each of the depicted targets may be 18, 19, 20 up 
to about 121 nucleotides in length. Sequence may be added non-symmetrically. 

All oligonucleotides are presented, per convention, in the 5' to 3' orientation. The 
nucleotide that effects the change in the genome is underlined and presented in bold. 

The first of the four oligonucleotides for each mutation is a 1 21 nt oligonucleotide 
centered about the repair/altering nucleotide. The second oligonucleotide, its reverse complement 
targets the opposite strand of the DNA duplex for repair/alteration. The third oligonucleotide is the 
minimal 17 nt domain of the first oligonucleotide, also centered about the repair/alteration nucleotide. The 
fourth oligonucleotide is the reverse complement of the third, and thus represents the minimal 17 nt 
domain of the second. 

The third column of each table presents the SEQ ID NO: of the respective repair 
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Example 5 
Engineering herbicide resistant plants 

Chemical weed control is an important tool of modern agriculture and many herbicides have 
been developed for this purpose. Their use has resulted in substantial increases in the yields of many 
crops, including, for example, maize, soybeans, and cotton. Thus while the use of fertilizers and new 

high-yielding crop varieties have contributed greatly to the "green revolution; chemical weed control has 

» 

also been at the forefront of technological achievement 

Herbicides having broad-spectrum activity are particularly useful because they obviate the 
need for multiple herbicides targeting different classes of weeds. The problem with such herbicides is that 
they typically also affect crops which are exposed to the herbicide. One way to overcome this is to generate 
plants which are resistant to one or more broad-spectrum herbicides, Such herbicide-tolerant plants may 
reduce the need for tillage to control weeds, thereby effectively reducing soil erosion and can reduce the 
quantity and number of different herbicides applied in the field. 

Common herbicides used, for example, include those that inhibit the enzyme 
5-enolpyruvyl-3-phosphoshikimic acid synthase (EPSPS), for example N-phosphonomethyl-glycine (e.g. 
glyphosate), those that inhibit acetolactate synthase (ALS) activity, for example the sulfonylureas and 
related herbicides, and those that inhibit dihydropteroate synthase, for example methyl[(4-amino- 
phenyl)sulfonyl]carbamate (e.g. Asulam). Herbicide-tolerant plants can be produced by several methods, 
including, for example, introducing into the genome of the plant the ability to degrade the herbicide, the 
capacity to produce a higher level of the targeted enzyme, and/or expressing an herbicide-tolerant allele of 
the enzyme. 

The attached tables disclose exemplary oligonucleotides base sequences which can be 
used to generate site-specific mutations in plant genes that confer herbicide resistance. 
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TablelO 

Genome-Altering Oliqos Conferring Glyphosate Resistance 



5 



• 

Plant & Targeted 
Alteration 


Altering Oligos 


SEQID 

NO: 


biypnosate resistance 
EPSPS 

Arabidopsis thaliana 


AAbbb I bbbAbA I I b I Ab I I bAAbbbA I I AbAbAAA I b I bbbbl b 

TTATTAAGCTTCCTGCCTCCAAGTCTCTATCAAATCGGATCCTGC 
TTCTCGCTGCTCTGTCTGAGGTATATATCAC 


4341 


oiyy f Mia 
GGC-GCC 


bl bAI AT At AGCTCAbACAbAbLAbCGAbMbbAbbATCCGATT 
TGATAGAGACTTGGAGGCAGGAAGCTTAATAAGACCGGAGATTT 
CTCTAATGGGTTGAAGTACAATCTCCGACGCTT 


4342 




GCTTCCTGC.CTCCAAGT 


4343 




ACTTGGAGfiCAGGAAGC 


4344 


Glyphosate Resistance 
EPSPS 

Brassica napus 


A A OP 1 1 PAOA^ATTOT/^OTTOA A/^O A A TO A O A O A A ATOTA^oAfo 

MGCTTCAGAGATTGTGCTTCAACCAATCAGAGAAATCTCGGGTC 
TCATTAAGCTACCCGCATCCAAATCTCTCTCCAATCGGATCCTCC 
TTCTTGCCGCTCTATCTGAGGTACATATACT 


4345 


biyyoAia 
GGA-GCA 


A^TATATr^TA^AT^AOATAPAA^^A AOA A OO A OO^ ATOOO ATT 

AGTATATGTACCTCAGATAGAGCGGCMGMGGAGGATCCGATT 
GGAGAGAGATTTGGATGCGGGTAGCTTAATGAGACCCGAGATTT 
CTCTGATTGGTTGAAGCACAATCTCTGAAGCTT 


4346 




GCTACCCGCATCCAAAT 


4347 




ATTTGGATGCGGGTAGC 


4348 


Glyphosate Resistance 
EPSPS 1 

Nicotiana tabacum 


AOOOOA A OO A O ATTOTOOTOO A AOOOATOA A A O ATATA TO A O OO 

AGCCCAACGAGATTGTGCTGCAACCCATCAAAGATATATCAGGC 

ACTGTTAAATTGCCTGCTTCTAAATCCCTTTCCAATCGTATTCTCC 

TTCTTGCTGCCCTTTCTAAGGGAAGGACTGT 


4349 


oiyyoMia 
GGT-GCT 


A O A OTPPTTOOOTT A O A A AOOPPAOOA AO A AOO AO A ATA OO ATT 

AbAblbbl Ibbbl 1 AbAAAbbbbAbbAAbAAbbAbAAIAbbAI 1 

GGAMGGGATTTAGAAGCAGGCAATTTAACAGTGCCTGATATATC 

TTTGATGGGTTGCAGCACAATCTCGTTGGGCT 


4350 




ATTGCCTGCTTCTAAAT 


| 4351 




ATTTAGAAGCAGGCAAT 


4352 


biypnosate Kesistance 
EPSPS 2 

Nicotiana tabacum 


ATTr*TTTr 1 / v TT^r*TAOf l A A ATPT^^TO^TfTTPr* A iTTArni A 

Al Ibl 1 lOLI IbblALbAAAIblLOTCbrbl IbbAAl IbTCAbbA 
AGGGAGGCCTTCCCGCAGGGAAGGTAAAGCTCTCTGGATCAATT 
AGCAGCCAGTACTTGACTGCTCTGCTTATGGC 


4353 


OlyutrMd 

GGA-GCA 


bbbA 1 AAbbAbAbbAb 1 bAAb 1 Ab 1 bbb 1 bb 1 AA i 1 bA 1 bbAbA 

GAGCTTTACCTTCCCTGCGGGAAGGCCTCCCTTGCTGACAATTC 
GAACAGGAGGACATTTCGTACCAAGGAAACAAT 






CCTTCCCGCAGGGAAGG 


4355 




CCTTCCCTGCGGGAAGG 


4356 


Glyphosate Resistance 

EPSPS 

lea mays 


ATTGTTTCCTTGGCACTGACTGCCCACCTGTTCGTGTCAATGGAA 
TCGGAGGGCTACCTGCTGGCAAGGTCAAGCTGTCTGGCTCCATC 
AGCAGTCAGTACTTGAGTGCCTTGCTGATGGC 


4357 


Gly168Ala 
GGT-GCT 


GCCATCAGCAAGGCACTCAAGTACTGACTGCTGATGGAGCCAGA 
CAGCTTGACCTTGCCAGCAGGTAGCCCTCCGATTCCATTGACAC 
GAACAGGTGGGCAGTCAGTGCCAAGGAAACAAT 


4358 
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Phenotype, Gene, 
PfantS Targeted 
Alteration : 


■ ■• ■ 
■■■■■■ \ . 

Ait or 


SEQ ID 




GCTACCTGCTGGCAAGG 


4359 




CCTTGCCAGCAGGTAGC 


4360 


Glyphosate Resistance 

EPSPS 

Oryza saf/Va 


ACTGTTTCCTTGGCACTGAATGCCCACCTGTTCGTGTCAAGGGA 
ATTGGAGGACTTCCTGCTGGCAAGGTTAAGCTCTCTGGTTCCAT 
CAGCAGTCAGTACTTGAGTGCCTTGCTGATGGC 


4361 


Gly115Ala 
GGT-GCT 


GCCATCAGCMGGCACTCAAGTACTGACTGCTGATGGAACCAGA 

GAGCTTAACCTTGCCAGCAGGAAGTCCTCCAATTCCCTTGACAC 

GAACAGGTGGGCATTCAGTGCCMGGAAACAGT 


4362 




ACTTCCTGCTGGCAAGG 


4363 




CCTTGCCAGCAGGAAGT 


4364 


Glyphosate Resistance 
EPSPS 

Petunia x hybrida 


AGCCTTCTGAGATAGTGTTGCAACCCATTAAAGAGATTTCAGGCA 
CTGTTAAATTGCCTGCCTCTAAATCATTATCTAATAGAATTCTCCT 
TCTTGCTGCCTTATCTGAAGGAACAACTGT 


4365 


Gly93Ala 
GGC-GCC 


ACAGTTGTTCCTTCAGATMGGCAGCAAGAAGGAGAATTCTATTA 
GATAATGATTTAGAGGCAGGCAATTTAACAGTGCCTGAAATCTCT 
TTAATGGGTTGCAACACTATCTCAGAAGGCT 


4366 




ATTGCCTGCCTCTAAAT 


4367 




ATTTAGAGGCAGGCAAT 


4368 


Glyphosate Resistance 

EPSPS 

Lycopersicon 


AACCCCATGAGATTGTGCTAGNACCCATCAAAGATATATCTGGTA 
CTGTTAMTTACCCGCTTCGAAATCCCTTTCCAATCGTATTCTCCT 
TCTTGCTGCCCTTTCTGAGGGAAGGACTGT 


4369 


esculentum 

Gly97Ala 

GGT-GCT 


ACAGTCCTTCCCTCAGAAAGGGCAGCAAGAAGGAGAATACGATT 
GGAAAGGGATTTCGAAGCGGGTAATTTAACAGTACCAGATATATC 
TTTGATGGGTNCTAGCACMTCTCATGGGGTT 


4370 




ATTACCCGCTTCGAAAT 


4371 




ATTTCGAAGCGGGTAAT 


4372 


Glyphosate Resistance 
EPSPS 

Lolium rigidum 


ATTGTTTCCTTGGCACTGACTGCCCACCTGTTCGKATCAACGGCA 

TTGGAGGGCTACCTGCTGGCAAGGTTAAGCTGTCTGGTTCCATC 

AGCAGCCAATACTTGAGTTCCTTGCTGATGGC 


4373 


Gly107Ala 
GGT-GCT 


GCCATCAGCAAGGAACTCAAGTATTGGCTGCTGATGGAACCAGA 
CAGCTTAACCTTGCCAGCAGGTAGCCCTCCAATGCCGTTGATCG 
AACAGGTGGGCAGTCAGTGCCAAGGAAACAAT 


4374 




GCTACCTGCTGGCAAGG 


4375 




CCTTGCCAGCAGGTAGC 


4376 
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Table 11 

Genome-Altering Ofigos Conferring Imidazolinone and Sulfonylurea Herbicide Resistance 



Phenbj^p^ Gene, 
Plant & Targeted 


• 


■ 

■ 

Altering Ofigos 


:" % 

:- ;; >'-> ; - : :::>';> : :: : -:<-::x ; : : ,> 

SEQID 

NO: 


Sulfonylurea 

Resistance 

ALS 

Arabidopsis thaliana 

Pro197Ser 

CCT-TCT 


AbGbbA 1 TAbbCGATGCGTTGTTAGATAGTG IT CCTCTTGTAGCA 
ATCACAGGACAAGTCTCTCGTCGTATGATTGGTACAGATGCGTTT 
CAAGAGACTCCGATTGTTGAGGTAACGCGTT 


4377 


A A /^ A /^/^TT A /^ATA A A A A T/"^ A ATATATTA AAA A -rr\T , ^\~r A r> 

AACGCGTTACCTCAACAATCGGAGTCTCTTGAAACGCATCTGTAC 
CAATCATACGACGAGAGACTTGTCCTGTGATTGCTACAAGAGGAA 
CACTATCTAACAACGCATCGGCTAATCCGCT 


4378 


/-\ A /N A A /*V 1 ATATAATAAT 

GACAAGTCTCTCGTCGT 


4379 


ACGACGAGAGACTTGTC 


4380 


Sulfonylurea 

Resistance 

ALS 

Arabidopsis thaliana 

Pro197Gln 

CCT-CAG 


AGCGGATTAGCCGATGCGTTGTTAGATAGTGTTCCTCTTGTAGCA 
ATCACAGGACAAGTCCAGCGTCGTATGATTGGTACAGATGCGTTT 
CAAGAGACTCCGATTGTTGAGGTAACGCGTT 


! 4381 


AACGCGTTACCTCAACMTCGGAGTCTCTTGAAACGCATCTGTAC 
CAATCATACGACGCJGGACTTGTCCTGTGATTGCTACAAGAGGM 
CACTATCTMCAACGCATCGGCTAATCCGCT 


4382 


ACAAGTCCAGCGTCGTC 




TACGACGCTGGACTTGT 


4384 


Sulfonylurea 

Resistance 

ALS 

Arabidopsis thaliana 

Pro197Gln 

CCT-CAA 


AbObbATTAbCCGATGCGTTGTTAGATAGTGTTCCTCTTGTAGCA 
ATCACAGGACAAGTCCAACGTCGTATGATTGGTACAGATGCGTTT 
CAAGAGACTCCGATTGTTGAGGTAACGCGTT 


4385 


A A f^r^r^f^ ! I A Of*"TV* A AOA A T/^» O O A OTOT/x I I A A A A -r/'>-r*/""\-r- A 

MobObTTAObTCAACAATCGGAGTCTCTTGAAACGCATCTGTAC 
CAATCATACGACGTTGGACTTGTCCTGTGATTGCTACAAGAGGAA 
CACTATCTMCAACGCATCGGCTAATCCGCT 


4386 


ACAAGTCCAACGTCGTA 


4387 


TACGACGTTGGACTTGT 


4388 


Imidazolinone 

Resistance 

ALS 

Arabidopsis thaliana 

Ser653Asn 

AGT-AAC 


GACCTTACCTGTTGGATGTGATTTGTCCGCACCAAGAACATGTGT 

TGCCGATGATCCCGAACGGTGGCACTTTCAACGATGTCATAACGG 

AAGGAGATGGCCGGATTAAATACTGAGAGAT 


4389 


ATCTCTCAGTATTTAATCCGGCCATCTCCTTCCGTTATGACATCGT 
TGAAAGTGCCACCGTTCGGGATCATCGGCAACACATGTTCTTGGT 
GCGGACAAATCACATCCAACAGGTAAGGTC 


4390 


GATCCCGAACGGTGGCA 


4391 


TGCCACCGTTCGGGATC 


4392 
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P^enotype, Gene;; 
Plant & Taraeted 

• •••••••• f ^«RiH.:^..:f.HJ;^|V.l|VMv:v 

. Alteration - 


< 

. . - Altefm^Oligos , 


SEQID 


Imidazolinone 

KcSISldnCc 

ALS 


GACCTTACCTGTtGGAtGtGATTTGTCCGCACCAAGAACATGTGT 
AAGGAGATGGCCGGATTAAATACTGAGAGAT 


4393 


Arabidopsis thaliana 

Car ACQ Aon 

AGT-AAT 


ATCTCTCAGTATTTAATCCGGCCATCTCCTTCCGTTATGACATCGT 

TV* A A A^TO/^r^APP ATTPPPPATPATPPPPA APAPATPTTPTTPPT 

1 oAAAo 1 bLLrAUUA 1 1 UbbbA 1 OA 1 OobLrAAUAOA Ibl 1 0 1 1 bo 1 

GCGGACAAATCACATCCAACAGGTAAGGTC 


4394 




GATCCCGAATGGTGGCA 


4395 




TGCCACCATTCGGGATC 


4396 


Sulfonylurea 

Kesisiance 

ALS 


TCCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCG 
ppATPAPPP.r2PPAP.rTrPTPppp.ppr5PATf5ATPf5fiPAPPP,APPiP 

CTTCCAGGAGACGCCCATAGTCGAGGTCACCCGCT 


4397 


Oryza saftVa 
Kroi / iber 
CCC-TCC 


AGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGTG 
bbbA I OA 1 bbbbbbbbAbAbb 1 bbbbbb 1 bA 1 bbbbALOA 1 bb 

GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGGA 


4398. 




GCCAGGTCTCCCGCCGC 


4399 




GCGGCGGGAGACCTGGC 


4400 


Sulfonylurea 

Kesisiance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 

PATPAPO^PPPA^PTPPAAP^PP^PATrJATPf^PAPPfiAPfiPP 

TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4401 


Oryza sativa 
rroi nbin 
CCC-CAA 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 
GCCGATCATGCbbCbTTbbAbbTbbbObb 1 bA 1 bbbbAL.UA Ibb 
GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4402 




CCAGGTCCAACGCCGCA 


4403 | 




TGCGGCGTTGGACCTGG 


4404 


Sulfonylurea 

Kesisiance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 

PATPAPPPr2PPAr3CTPPAf;Pr5PPr5PATr5ATPf;P,PAPPPAPr5PP 

TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4405 


Oryza sativa 

Drn1 7*1 Pin 

rlO 1 / loin 
CCC-CAG 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 

f^nf^c ATr> ATr k r , r > /" i pr'PTr > r > Ar , r'Tr , r , r k r > r , PTPATPPPPAPPATP 
bbbbA 1 bA 1 bbbbbbu 1 bbAbb 1 bbbObb 1 bA 1 bbObAObA 1 0 

GGGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4406 




CCAGGTCCAGCGCCGCA 


4407 




TGCGGCGCTGGACCTGG 


4408 


Imidazolinone 

Resistance 

ALS 


GGCCATACTTGTTGGATATCATCGTCCCGCACCAGGAGCATGTGC 
TGCCTATGATCCCAAATGGGGGCGCATTCAAGGACATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTAATCTAT 


4409 


Oryza sativa 

He627Asn 

ATT-AAT 


ATAGATTAATACACAGTCCTGCCATCACCATCCAGGATCATGTCCT 
TGAATGCGCCCCCATTTGGGATCATAGGCAGCACATGCTCCTGGT 
GCGGGACGATGATATCCAACAAGTATGGCC 


4410 




GATCCCAAATGGGGGCG 


4411 
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10 



^;Phenotypev6eri^; 
Plant* Targeted 
^ Alteration 


:! • '•' x V • : ' : ! " % ' - : < : .' ■ I'V '-^-.-V. :.•'<:'■ ;.\- T,i '■• 

Altenng Oiigos 

• - 


SEQID 

f. NO: : 




CGCCCCCATTTGGGATC 


4412 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCGCTGCTCGATTCCGTCCCCATGGTCGC 

A AT/% A /"V/"*/"* A AAA A r»TAT/> A A A A ^AAT/^ A TTAO^ A /">^^> A ✓N/'N^^T 

CATCACGGGACAGGTGTCGCGACGCATGATTGGCACCGACGCCT 
TCCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4413 


Zea mays 

Pro165Ser 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCGGT 

GCCAATCATGCGTCGCGACACCTGTCCCGTGATGGCGACCATGG 

GGACGGAATCGAGCAGCGCGTCGGCGAGCGCGGA 


4414 




GACAGGTGTCGCGACGC 


4415 




GCGTCGCGACACCTGTC 


4416 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGATTCCGTCCCCATGGTCGCC 
ATCACGGGACAGGTGCAGCGACGCATGATTGGCACCGACGCCTT 
CCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 


4417 


Zea mays 

Pro165Gln 

CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCGG 
TGCCAATCATGCGTCGCTGCACCTGTCCCGTGATGGCGACCATG 
GGGACGGAATCGAGCAGCGCGTCGGCGAGCGCGG 


4418 




ACAGGTGCAGCGACGCA 


4419 




TGCGTCGCTGCACCTGT 


4420 


Imidazoline 

Resistance 

ALS 


GGCCGTACCTCTTGGATATAATCGTCCCACACCAGGAGCATGTGT 

TAA AT ATA A TAA AT A A T/^/*VT*A A/*>/*>/"* 1 1 I'/NA A Ar\*T«TAATAnT/>^ 

TGCCTATGATCCCTAATGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTACTGATCTAA 


4421 


Zea mays 

Sero21Asn 

AGT-AAT 


TTAGATCAGTACACAGTCCTGCCATCACCATCCAGGATCATATCCT 
TGAAAGCCCCACCATTAGGGATCATAGGCAACACATGCTCCTGGT 
GTGGGACGATTATATCCAAGAGGTACGGCC 


4422 




GATCCCTAATGGTGGGG 


4423 




CCCCACCAJTAGGGATC 


4424 


Imidazoline 

Resistance 

ALS 


GGCCGTACCTCTTGGATATAATCGTCCCACACCAGGAGCATGTGT 

TA AAT ATA ATAAAT A A AAATAAAAA I 1 I'T/^A A AT AT^> ATAATAO 

TGCCTATGATCCCTMCGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTACTGATCTAA 


4425 


Zea mays 

bero^iAsn 

AGT-AAC 


TTAGATCAGTACACAGTCCTGCCATCACCATCCAGGATCATATCCT 
TGAAAGCCCCACCGTTAGGGATCATAGGCAACACATGCTCCTGGT 
GTGGGACGATTATATCCAAGAGGTACGGCC 


4426 




GATCCCTAACGGTGGGG 


4427 




CCCCACCGJTAGGGATC 


4428 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCCCTCCTCGACTCCATCCCCATGGTGGC 
CATCACGGGGCAGGTCJCGCGCCGCATGATCGGCACGGACGCC 
TTCCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4429 


Lo//u/n muMoium 

Pro167Ser 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCCGT 
GCCGATCATGCGGCGCGAGACCTGCCCCGTGATGGCCACCATG 
GGGATGGAGTCGAGGAGGGCGTCGGCGAGCGCGGA 


4430 
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Phenotype, Gene, 
riant oi largeteo 
Alteration 


• 

■ 

Altering Oligos 

- 


;:5: :: :.:S-;;S;; ::!::«■:: 

SEO ID 

WO: 




GGCAGGTCTCGCGCCGC 


4431 




GCGGCGCGAGACCTGCC 


4432 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCCCTCCTCGACtCCATCCCCATGGTGGCC 
ATCAOGoGGOAGG 1 t/OAvjUuUOVjUA 1 uA 1 OooOAL.obAOolA» 1 
TCCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 


4433 


Lolium muMorum 

Pro167Gln 

CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCCG 

TGCCGATCATGCGGCGCTGGACCTGCCCCGTGATGGCCACCATG 

GGGATGGAGTCGAGGAGGGCGTCGGCGAGCGCGG 


4434 




GCAGGTCCAGCGCCGCA 


4435 




TGCGGCGCTGGACCTGC 


4436 


Imidazolinone 

Resistance 

ALS 


CtGGGCCATACTTGTTGGATATCATCGTCCCTCACCAGGAGCATG 
TGCTGCCTATGATCCCTAACGGTGGTGCTTTCAAGGACATTATCA 
TGGMGGTGATGGCAGGATTTCGTATTAAAC 


4437 


Lolium multiflorum 

Ser623Asn 

AGC-AAC 


GTTTAATACGAAATCCTGCCATCACCTTCCATGATAATGTCCTTGA 
AAGCACCACCG1TAGGGATCATAGGCAGCACATGCTCCTGGTGA 
GGGACGATGATATCCAACAAGTATGGCCCAG 


4438 




GATCCCTAACGGTGGTG 


4439 




CACCACCGFAGGGATC 


4440 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCTCTCCTCGACTCCATCCCCATGGTCGC 

CATCACGGGCCAGGTCTCACGCCGCATGATCGGCACGGACGCGT 

TCCAGGAGACGCCCATAGTGGAGGTCACGCGCT 


4441 


Hordeum vulgare 

Pro68Ser 

CCA-TCA 


AGCGCGTGACCTCCACTATGGGCGTCTCCTGGAACGCGTCCGTG 

CCGATCATGCGGCGTGAGACCTGGCCCGTGATGGCGACCATGG 

GGATGGAGTCGAGGAGAGCGTCGGCGAGCGCGGA 


4442 




GCCAGGTCICACGCCGC 


4443 




GCGGCGTGAGACCTGGC 


4444 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCTCTCCTCGACTCCATCCCCATGGTCGCC 
ATCACGGGCCAGGTCCAACGCCGCATGATCGGCACGGACGCGTT 
CCAGGAGACGCCCATAGTGGAGGTCACGCGCTC 


4445 


Hordeum vulgare 

Pro68Gln 

CCA-CAA 


GAGCGCGTGACCTCCACTATGGGCGTCTCCTGGAACGCGTCCGT 
GCCGATCATGCGGCGTTGGACCTGGCCCGTGATGGCGACCATGG 
GGATGGAGTCGAGGAGAGCGTCGGCGAGCGCGG 


4446 




CCAGGTCCAACGCCGCA 


4447 




TGCGGCGTIGGACCTGG 


4448 
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Phenotype, Gene r 
Plant & Tarapted 
Alteration 


■y-y.V>y-y-. ■y-y^-^y^^ ^y: mtf+&r< •x-x^- ^ < y-y^yy : m*&mi ymyyy :■: 

. Altering Oligos . ; 

.... • • < 


; : . - 

yyWyW'yii 

; NO: : : 


Imidazolinone 

Resistance 

ALS 


CCCAGGGCCGTACCTGCTGGATATCATTGTCCCGCATCAGGAGC 

ACGTGCTGCCTATGATCCCAAACGGTGGTGCTTTCAAGGACATGA 

TCATGGAGGGTGATGGCAGGACCTCGTACTGA 


4449 


Hordeum vulgare 

Ser524Asn 

AGC-AAC 


TCAGTACGAGGTCCTGCCATCACCCTCCATGATCATGTCCTTGAA 
AGCACCACCGTTTGGGATCATAGGCAGCACGTGCTCCTGATGCG 
GGACAATGATATCCAGCAGGTACGGCCCTGGG 


4450 




GATCCCAAACGGTGGTG 


4451 




CACCACCGTTTGGGATC 


4452 


Sulfonylurea 

Resistance 

ALS 


AGTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCG 
ATCACTGGTCAAGTCTCTCGTCGGATGATCGGTACCGATGCTTTC 
CAGGAAACTCCAATTGTTGAGGTAACAAGGT 


4453 


Gossypium hirsutum 
rro looser 
CCT-TCT 


ACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTAC 

CGATCATCCGACGAGAGACTTGACCAGTGATCGCCACGAGAGGG 

ATACTATCGAGCATTGCATCAGCGAGACCACT 


4454 




GTCAAGTCTCTCGTCGG 


4455 




CCGACGAGAGACTTGAC 


4456 


Sulfonylurea 

Kesistance 

ALS 


GTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAACGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4457 


Gossypium hirsutum 

rfO loObin 

CCT-CAA 


GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGTTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4458 




TCAAGTCCAACGTCGGA 


4459 




TCCGACGTTGGACTTGA 


4460 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTCGCTGATGCAATGCTCGATAGTAtCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAGCGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4461 


Gossypium hirsutum 

noioobin 

CCT-CAG 


GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGCTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4462 




TCAAGTCCAGCGTCGGA 1 


4463 




TCCGACGCTGGACTTGA 


4464 


Imidazolinone 

Resistance 

ALS 


GACCTTACTTGTTGGATGTGATTGTCCCACATCAAGAACATGTCCT 
GCCTATGATCCCCAATGGAGGCGCTTTCAAAGATGTGATCACAGA 
GGGTGATGGAAGAACACAATATTGACCTCA 


4465 


Gossypium hirsutum 

Ser642Asn 

AGT-AAT 


TGAGGTCAATATTGTGTTCTTCCATCACCCTCTGTGATCACATCTT 
TGAAAGCGCCTCCATTGGGGATCATAGGCAGGACATGTTCTTGAT 
GTGGGACAATCACATCCAACAAGTAAGGTC 


4466 




GATCCCCAATGGAGGCG 


4467 
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SEQID 

m> 




CGCCTCCATTGGGGATC 


4468 


Sulfonylurea 

Resistance 

ALS 


tCTGGTCTTGCTGAtGCACTTCTTGACTCAGTCCCTCTTGTCGCC 

ATTACTGGGCMGTTTCCCGGCGTATGATTGGTACTGATGCTTTTC 

AAGAGACTCCAATTGTTGAGGTAACTCGAT 


4469 


Amaranthus 

retroflexus 

Pro192Ser 


ATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTACC 

AATCATACGCCGGGAMCTTGCCCAGTAATGGCGACAAGAGGGA 

CTGAGTCAAGAAGTGCATCAGCAAGACCAGA 


4470 


CCC-TCC 


GGCAAGTTTCCCGGCGT 


4471 




ACGCCGGGAAACTTGCC 


4472 


Sulfonylurea 

Resistance 

ALS 


CTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCCA 
TTACTGGGCAAGTTCAACGGCGTATGATTGGTACTGATGCI IMC 
AAGAGACTCCAATTGTTGAGGTAACTCGATC 


4473 


Amaranthus 

retroflexus 

Pro192Gln 


GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 
CAATCATACGCCGTTGAACTTGCCCAGTAATGGCGACAAGAGGGA 
CTGAGTCAAGAAGTGCATCAGCAAGACCAG 


4474 


CCC-CAA 


GCAAGTTCAACGGCGTA 


4475 




TACGCCGTTGAACTTGC 


4476 


Sulfonylurea 

Resistance 

ALS 


CTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCCA 
TTACTGGGCAAGTTCAGCGGCGTATGATTGGTACTGATGCI IMC 
AAGAGACTCCAATTGTTGAGGTAACTCGATC 


4477 


Amaranthus 

retroflexus 

Pro192Gln 


GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 

CAATCATACGCCGCTGAACTTGCCCAGTAATGGCGACAAGAGGG 

ACTGAGTCAAGAAGTGCATCAGCAAGACCAG 


4478 


CCC-CAG 


GCAAGTTCAgCGGCGTA 


4479 




TACGCCGCTGAACTTGC 


4480 


Imidazolinone 

Resistance 

ALS 


GACCGTATCTGCTGGATGTAATCGTACCACATCAGGAGCATGTGC 
TGCCTATGATCCCTAACGGTGCCGCCTTCAAGGACACCATAACAG 
AGGGTGATGGAAGAAGGGCTTATTAGTTGGT 


4481 


Amaranthus 

retroflexus 

Ser652Asn 


ACCAACTAATAAGCCCTTCTTCCATCACCCTCTGTTATGGTGTCCT 
TGAAGGCGGCACCGTTAGGGATCATAGGCAGCACATGCTCCTGA 
TGTGGTACGATTACATCCAGCAGATACGGTC 


4482 


AGC-AAC 


GATCCCTAACGGTGCCG 


4483 




CGGCACCGFAGGGATC 


4484 
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• Alteration 


: 

; 

Altering Oligos J , 


] 

SEQ ID 

- NO- 


Sulfonylurea 

Resistance 

ALS1 


AGCGGCCTCGCTGACGCGCTACTGGATAGCGTCCCCATTGTTGC 
TATAACAGGTCAAGTGTCACGTAGGATGATAGGTACTGATGCTTTT 
CAGGAMCTCCTATTGnGAGGTAACTAGAT 


4485 


Nicotiana tabacum 

Pro194Ser 

CCA-TCA 


ATCTAGTTACCTCAACAATAGGAGTTTCCTGAAAAGCATCAGTACC 

TATCATCCTACGTGACACTTGACCTGTTATAGCMCAATGGGGAC 

GCTATCCAGTAGCGCGTCAGCGAGGCCGCT 


4486 




GTCAAGTGICACGTAGG 


4487 




CCTACGTGACACTTGAC 


4488 


Sulfonylurea 

Resistance 

ALS1 


GCGGCCTCGCTGACGCGCTACTGGATAGCGTCCCCATTGTTGCT 
ATAACAGGTCAAGTGCAACGTAGGATGATAGGTACTGATGCTTTT 
CAGGAAACTCCTATTGTTGAGGTAACTAGATC 


4489 


Nicotiana tabacum 

Pro194Gln 

CCA-CAA 


GATCTAGTTACCTCAACAATAGGAGTTTCCTGAAAAGCATCAGTAC 

CTATCATCCTACGTTGCACTTGACCTGTTATAGCAACMTGGGGA 

CGCTATCCAGTAGCGCGTCAGCGAGGCCGC 


4490 




TCAAGTGCAACGTAGGA 


4491 




TCCTACGTTGCACTTGA 


.4492 


Imidazolinone 

Resistance 

ALS1 


GGCCATACTTGTTGGATGTGATTGTACCTCATCAGGAACA I G 1 1 1 1 
ACCTATGATTCCCAATGGCGGAGCTTTCAAAGATGTGATCACAGA 
GGGTGACGGGAGAAGTTCCTATTGAGTTTG 


4493 


Nicotiana tabacum 

Ser650Asn 

AGT-AAT 


CAAACTCAATAGGAACTTCTCCCGTCACCCTCTGTGATCACATCTT 

TGAAAGCTCCGCCATTGGGAATCATAGGTAAAACATGTTCCTGAT 

GAGGTACAATCACATCCAACAAGTATGGCC 


4494 




GATTCCCAATGGCGGAG 


4495 




CTCCGCCATTGGGMTC 


4496 


Sulfonylurea 

Resistance 

ALS2 


AGTGGCCTCGCGGACGCCCTACTGGATAGCGTCCCCATTGTTGC 

TATAACCGGTCAAGTGTCACGTAGGATGATCGGTACTGATGCTTTT 

CAGGAAACTCCGATTGnGAGGTMCTAGAT 


4497 


Nicotiana tabacum 

Pro191Ser 

CCA-TCA 


ATCTAGTTACCTCAACAATCGGAG7TTCCTGAAAAGCATCAGTACC 
GATCATCCTACGTGACACTTGACCGGTTATAGCAACAATGGGGAC 
GCTATCCAGTAGGGCGTCCGCGAGGCCACT 


4498 




GTCAAGTGICACGTAGG 


4499 




CCTACGTGACACTTGAC 


4500 


Sulfonylurea 

Resistance 

ALS2 


GTGGCCTCGCGGACGCCCTACTGGATAGCGTCCCCATTGTTGCT 
ATAACCGGTCAAGTGCAACGTAGGATGATCGGTACTGATGCTTTT 
CAGGAAACTCCGATTGTTGAGGTAACTAGATC 


4501 


Nicotiana tabacum 

Pro191Gln 

CCA-CAA 


GATCTAGTTACCTCAACAATCGGAGTTTCCTGAAAAGCATCAGTAC 
CGATCATCCTACGTTGCACTTGACCGGTTATAGCAACAATGGGGA 
CGCTATCCAGTAGGGCGTCCGCGAGGCCAC 


4502 




TCAAGTGCAACGTAGGA 


4503 
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TCCTACGTTGCACTTGA 1 


4504 


Imidazolinone 
Resistance 
ALS 2 


ggcCatacttgttggAtgtgattgtacctcatcaggaacatgttct 

ACCTATGATTCCCMTGGCGGGGCTTTCAAAGATGTGATCACAGA 
GGGTGACGGGAGAAGTTCCTATTGACTTTG 


4505 


Nicotiana tabacum 

Ser647Asn 

AGT-AAT 


CAAAGTCMTAGGMCTTCTCCCGTCACCCTCTGTGATCACATCTT 
TGAAAGCCCCGCCATTGGGAATCATAGGTAGAACATGTTCCTGAT 
GAGGTACAATCACATCCAACMGTATGGCC 


4506 




GATTCCCAATGGCGGGG 


4507 




CCCCGCCAJTGGGAATC 


4508 


Sulfonylurea 

Resistance 

ALS 


AGTGGTCTTGCTGATGCTTTATTAGACAGTGTTCCAATGGTTGCTA 
MACTGGTCMGnTCCAGGAGMTGAnGGMCAGATGCGTTTCA 
AGAAACCCCTATTGTTGAGGTAACACGTT 


4509 


Xanthium spp. 

Pro175Ser 

CCC-TCC 


AACGTGTTACCTCAACAATAGGGGTTTCTTGAAACGCATCTGTTCC 
AATCATTCTCCTGGAAACTTGACCAGTAATAGCAACCATTGGAACA 
CTGTCTAATAAAGCATCAGCAAGACCACT 


4510 




GTCAAGTTICCAGGAGA 


4511 




TCTCCTGGAAACTTGAC 


4512 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTTGCTGATGCTTTATTAGACAGTGTTCCAATGGTTGCTAT 
TACTGGTCMGTTCAAAGGAGAATGATTGGAACAGATGCGTTTCA 
AGAAACCCCTATTGTTGAGGTAACACGTTC 


4513 


Xanthium spp. 

Pro175Gln 

CCC-CAA 


GAACGTGTTACCTCAACAATAGGGGTTTCTTGAAACGCATCTGTTC 
CAATCATTCTCCTTTGAACTTGACCAGTAATAGCAACCATTGGAAC 
ACTGTCTAATAAAGCATCAGCAAGACCAC 


4514 




TCAAGTTCAAAGGAGAA 


4515 




TTCTCCTTTGAACTTGA 


4516 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTTGCTGATGCTTTATTAGACAGTGTTCCAATGGTTGCTAT 

T" A /%T*/"V/^ f A A ATTA AAA AO A /"> A A TTS A f 1 A/N A A A A A> A TAO/"^ 1 1 I'A A 

TACTGGTCMGnCAGAGGAGMTGATTGGMCAGATGCGTTTCA 
AGAAACCCCTATTGTTGAGGTAACACGTTC 


4517 


Xanthium spp. 

Pro175Gln 

CCC-CAG 


GAACGTGTTACCTCAACAATAGGGGTTTCTTGAAACGCATCTGTTC 
CAATCATTCTCCTCTGAACTTGACCAGTAATAGCAACCATTGGAAC 
ACTGTCTAATAAAGCATCAGCAAGACCAC 


4518 




TCAAGTTCAGAGGAGAA 


4519 




TTCTCCTCTGAACTTGA 


4520 


Imidazolinone 

Resistance 

ALS 


GGGCCTTACTTGTTGGATGTGATCGTGCCCCATCAAGAACATGTG 
TTGCCCATGATCCCGAATGGTGGAGGTTTCATGGATGTGATCACC 
GAAGGCGACGGCAGAATGAAATATTGAGCTT 


4521 


Xanthium spp. 

Ala631Asn 

GCT-MT 


AAGCTCAATATTTCATTCTGCCGTCGCCTTCGGTGATCACATCCAT 
GAAACCTCCACCATTCGGGATCATGGGCAACACATGTTCTTGATG 
GGGCACGATCACATCCAACAAGTAAGGCCC 


4522 
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TGATCCCGAATGGTGGA 


4523 




TCCACCATTCGGGATCA 


4524 


Sulfonylurea 

Resistance 

ALS 


TCCGGGTTTGCTGATGCTTTGCTCGATTCCGTTCCACTGGTGGCG 
ATCACGGGGCAGGTGTCGCGGCGAATGATTGGGACGGATGCTTT 
TCAGGAGACTCCTATTGTTGAGGTAACACGGT 


4525 


Bassia scoparia 

Pro189Ser 

CCG-TCG 


ACCGTGTTACCTCMCAATAGGAGTCTCCTGAAAAGCATCCGTCC 
CAATCATTCGCCGCGACACCTGCCCCGTGATCGCCACCAGTGGA 
ACGGAATCGAGCAAAGCATCAGCAAACCCGGA 


4526 




GGCAGGTGTCGCGGCGA 


4527 




TCGCCGCGACACCTGCC 


4528 


Sulfonylurea 

Resistance 

ALS 


CCGGGTTTGCTGATGCTTTGCTCGATTCCGTTCCACTGGTGGCGA 
TCACGGGGCAGGTGCAGCGGCGAATGATTGGGACGGATGCTTTT 
CAGGAGACTCCTATTGTTGAGGTAACACGGTC 


4529 


Bassia scoparia 

Pro189Gln 

CCG-CAG 


GACCGTGTTACCTCAACAATAGGAGTCTCCTGAAAAGCATCCGTC 
CCAATCATTCGCCGCTGCACCTGCCCCGTGATCGCCACCAGTGG 
AACGGAATCGAGCAAAGCATCAGCAAACCCGG 


4530 




GCAGGTGCAGCGGCGAA 


4531 




TTCGCCGCIGCACCTGC 


4532 


Imidazolinone 

Resistance 

ALS 


GACCTTACCTGCTTGATGTGATTGTACCTCATCAGGAGCATGTGC 

TGCCTATGATTCCTAATGGTGCAGCCTTCAAGGATATCATTAACGA 

AGGTGATGGAAGAACAAGTTATTGATGTTC 


4533 


Bassia scoparia 

Ser649Asn 

AGT-AAT 


GAACATCAATAACTTGTTCTTCCATCACCTTCGTTAATGATATCCTT 
GAAGGCTGCACCATTAGGAATCATAGGCAGCACATGCTCCTGATG 
AGGTACAATCACATCAAGCAGGTAAGGTC 


4534 




GATTCCTAATGGTGCAG 


4535 




CTGCACCATTAGGAATC 


4536 


Sulfonylurea 

Resistance 

ALS1 


AGCGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCGC 

CATTACAGGACAGGTCTCTCGCCGGATGATCGGTACTGACGCCTT 

CCAAGAGACACCAATCGTTGAGGTAACGAGGT 


4537 


Brassica napus 

Pro182Ser 

CCT-TCT 


ACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTAC 
CGATCATCCGGCGAGAGACCTGTCCTGTAATGGCGACAAGAGGA 
ACACTGTCAAGCATCGCGTCTGCTAACCCGCT 


4538 




GACAGGTCJCTCGCCGG 


4539 




CCGGCGAGAGACCTGTC 


4540 
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< 
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NO: 


Sulfonylurea < 
Resistance / 
ALS1 l 


3CGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCGCC 
MTACAGGACAGGTCCAACGCCGGATGATCGGTACTGACGCCTT 
XAAGAGACACCAATCGTTGAGGTAACGAGGTC 


4541 


Brassica napus 1 

Pro182Gln 

CCT-CAA 


3ACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTA 
XGATCATCCGGCGTTGGACCTGTCCTGTMTGGCGACAAGAGG 
^ACACTGTCMGCATCGCGTCTGCTMCCCGC 


4542 


i 


*CAGGTCCAACGCCGGA 


4543 




rCCGGCGJTGGACCTGT 


4544 ! 


Sulfonylurea 

Resistance 

ALS1 


GCGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCGCC 
ATTACAGGACAGGTCCAGCGCCGGATGATCGGTACTGACGCCTT 
CCAAGAGACACCAATCGTTGAGGTMCGAGGTC 


4545 


Brassica napus 

Pro182Gln 

CCT-CAG 


GACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTA 
CCGATCATCCGGCGCTGGACCTGTCCTGTMTGGCGACAAGAGG 
AACACTGTCAAGCATCGCGTCTGCTAACCCGC 


4546 




ACAGGTCCAGCGCCGGA 


4547 




TCCGGCGCTGGACCTGT 


4548 


Imidazolines 

Resistance 

ALS1 


GACCATACCTGTTGGATGTGATATGTCCGCACCAAGAACATGTGT 

TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATMCAGA 

AGGGGATGGTCGCACTAAGTACTGAGAGAT 


4549 


Brassica napus 

Ser638Asn 

AGT-AAT 


ATCTCTCAGTACTTAGTGCGACCATCCCCTTCTGTTATTACATCTT 
TGAAAGTGCCACCATTTGGGATCATCGGTAACACATGTTCTTGGT 
GCGGACATATCACATCCMCAGGTATGGTC 


4550 




GATCCCAAATGGTGGCA 


4551 




TGCCACCAJJTGGGATC 


4552 


Sulfonylurea 

Resistance 

ALS2 


CAGCGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCG 
CCATTACAGGACAGGTTCCTCGCCGGATGATCGGTACTGACGCC 
TTCCAAGAGACACCAATCGTTGAGGTAACGAGG 


4553 


Brassica napus 

Pro126Ser 

CCC-TCC 


CCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTACC 
GATCATCCGGCGAGGAACCTGTCCTGTAATGGCGACAAGAGGAA 
CACTGTCAAGCATCGCGTCTGCTAACCCGCTG 


4554 




GGACAGGTTCCTCGCCG 


4555 




CGGCGAGGAACCTGTCC 


4556 


Sulfonylurea 

Resistance 

ALS2 


AGCGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCGC 
CATTACAGGACAGGTCACTCGCCGGATGATCGGTACTGACGCCT 
TCCAAGAGACACCAATCGTTGAGGTAACGAGGT 


4557 


Brassica napus 

Pro126Gln 

CCC-CAG 


ACCTCGTTACCTCMCGATTGGTGTCTCTTGGMGGCGTCAGTAC 
CGATCATCCGGCGAGTGACCTGTCCTGTAATGGCGACAAGAGGA 
ACACTGTCAAGCATCGCGTCTGCTAACCCGCT 


4558 




GACAGGTCACTCGCCGG 


4559 ; 



WO 01/92512 



-58- 



PCT/US01/17672 



Phenotype, Gene, 
Plants Targeted 
Alteration 




• * 


ertng gos 


• 


:-:->x-:-**M-»- -: x >; 




CCGGCGAGIGACCTGTC 


4560 


Imidazolinone 
Resistance 
ALS 2 

Brassica napus 

Ser582Asn 

AGT-AAT 


GACCATACCTGTTGGATGTGATATGTCCGCACCAAGAACATGTGT 

TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACAGA 

AGGGGATGGTCGCACTAAGTACTGAGAGAT 


4561 


ATCTCTCAGTACTTAGTGCGACCATCCCCTTCTGTTATTACATCTT 
TGAAAGTGCCACCATTTGGGATCATCGGTAACACATGTTCTTGGT 
GCGGACATATCACATCCMCAGGTATGGTC 


4562 


GATCCCAAATGGTGGCA 


4563 


TGCCACCAJJTGGGATC 


4564 


Sulfonylurea 
Resistance 
ALS 3 

Brassica napus 

Pro179Ser 

CCT-TCT 


AGCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTCGC 
CATCACAGGACAGGTCTCTCGCCGGATGATCGGTACTGACGCGT 
TCCAAGAGACGCCAATCGTTGAGGTAACGAGGT 


4565 


ACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTAC 
CGATCATCCGGCGAGAGACCTGTCCTGTGATGGCGACGAGAGGA 
ACACTGTCAAGCATCGCGTCGGCTAACCCGCT 


4566 


GACAGGTCTCTCGCCGG 


4567 


CCGGCGAGAGACCTGTC 


4568 


Sulfonylurea 
Resistance 
ALS 3 

Brassica napus 

Pro179Gln 

CCT-CAA 


GCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTCGCC 
ATCACAGGACAGGTCCAACGCCGGATGATCGGTACTGACGCGTT 
CCAAGAGACGCCAATCGTTGAGGTAACGAGGTC 


. 4569 


GACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTA 
CCGATCATCCGGCGTTGGACCTGTCCTGTGATGGCGACGAGAGG 
AACACTGTCAAGCATCGCGTCGGCTAACCCGC 


4570 


ACAGGTCCAACGCCGGA 


4571 


TCCGGCGTTGGACCTGT 


4572 


Sulfonylurea 
Resistance 
ALS 3 

Brassica napus 

Pro179Gln 

CCT-CAG 


GCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTCGCC 
ATCACAGGACAGGTCCAGCGCCGGATGATCGGTACTGACGCGTT 
CCAAGAGACGCCAATCGTTGAGGTAACGAGGTC 


4573 


GACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTA 
CCGATCATCCGGCGCTGGACCTGTCCTGTGATGGCGACGAGAGG 
AACACTGTCAAGCATCGCGTCGGCTAACCCGC 


4574 


ACAGGTCCAGCGCCGGA 


4575 


TCCGGCGCTGGACCTGT 


4576 


Imidazolinone 
Resistance 
ALS 3 

Brassica napus 

Ser635Asn 

AGT-AAT 


GACCGTACCTGTTGGATGTCATCTGTCCGCACCAAGAACATGTGT 
TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACCG 
AAGGGGATGGTCGCACTAAGTACTGAGAGAT 


4577 


ATCTCTCAGTACTTAGTGCGACCATCCCCTTCGGTTATTACATCTT 
TGAAAGTGCCACCATTTGGGATCATCGGTAACACATGTTCTTGGT 
GCGGACAGATGACATCCAACAGGTACGGTC 


4578 



WO 01/92512 



-59- 



PCT/US01/17672 



Plant* Targeted , 
[ Alteration 


- 

- 

Altering Olsgos : 


SEQID 

NO: 




GATCCCAAATGGTGGCA 


4579 




TGCCACCATTTGGGATC 


4580 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCG 
CCATCACGGGCCAGGTCTCCCGCCGCATGATCGGCACCGACGC 
CTTCCAGGAGACGCCCATAGTCGAGGTCACCCGCT 


4581 


0/yza saf/Va 

Pro171Ser 

CCC-TCC 


AGCGGGTGACCTCGACTATGGGCGTCTCCTGGMGGCGTCGGTG 

CCGATCATGCGGCGGGAGACCTGGCCCGTGATGGCGACCATCG 

GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGGA 


4582 




GCCAGGTCTCCCGCCGC 


4583 




GCGGCGGGAGACCTGGC 


4584 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 
CATCACGGGCCAGGTCCAACGCCGCATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4585 


Oryza sativa 

Pro171Gln 

CCC-CAA 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 
GCCGATCATGCGGCGTTGGACCTGGCCCGTGATGGCGACCATCG 
GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4586 




CCAGGTCCAACGCCGCA 


4587 




TGCGGCGTTGGACCTGG 


4588 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 
CATCACGGGCCAGGTCCAGCGCCGCATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4589 


Oryza sativa 

Pro171G!n 

CCC-CAG 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 

GCCGATCATGCGGCGCTGGACCTGGCCCGTGATGGCGACCATC 

GGGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4590 




CCAGGTCCAGCGCCGCA 


4591 




TGCGGCGCTGGACCTGG 


4592 


Imidazolinone 

Resistance 

ALS 


GGCCATACTTGTTGGATATCATCGTCCCGCACCAGGAGCATGTGC 
TGCCTATGATCCCAAATGGGGGCGCATTCAAGGACATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTMTCTAT 


4593 


Oryza sativa 

Ser627Asn 

AGT-AAT 


ATAGATTAATACACAGTCCTGCCATCACCATCCAGGATCATGTCCT 
TGAATGCGCCCCCATTTGGGATCATAGGCAGCACATGCTCCTGGT 
GCGGGACGATGATATCCAACAAGTATGGCC 


4594 




GATCCCAAATGGGGGCG 


4595 




CGCCCCCAJJTGGGATC 


4596 
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Sulfonylurea 

Resistance 

ALS 


TCTGCGCTCGCAGACGCGTTGCTCGACTCCGTCCCCATGGTCGC 
CATCACGGGACAGGTGTCGCGACGCATGATTGGCACCGACGCCT 
TTCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4597 


Zea mays 

Pro165Ser 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGAAAGGCGTCGGTG 
CCAATCATGCGTCGCGACACCTGTCCCGTGATGGCGACCATGGG 
GACGGAGTCGAGCAACGCGTCTGCGAGCGCAGA 


4598 




GACAGGTGTCGCGACGC 


4599 




GCGTCGCGACACCTGTC 


4600 


Sulfonylurea 

Resistance 

ALS 


CTGCGCTCGCAGACGCGTTGCTCGACTCCGTCCCCATGGTCGCC 
ATCACGGGACAGGTGCAGCGACGCATGATTGGCACCGACGCCTT 
TCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 


4601 


Zea mays 
Pro165Gln 
CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGAAAGGCGTCGGT 

GCCAATCATGCGTCGCTGCACCTGTCCCGTGATGGCGACCATGG 

GGACGGAGTCGAGCAACGCGTCTGCGAGCGCAG 


4602 




ACAGGTGCAGCGACGCA 


4603 




TGCGTCGCTGCACCTGT 


4604 


Imidazolinone 

Resistance 

ALS 


GGCCGTACCTCTTGGATATAATCGTCCCGCACCAGGAGCATGTGT 
TGCCTATGATCCCTAATGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTGATCCGT 


4605 


Zea mays 

Ser621Asn 

AGT-AAT 


ACGGATCAATACACAGTCCTGCCATCACCATCCAGGATCATATCC 
TTGAAAGCCCCACCATTAGGGATCATAGGCAACACATGCTCCTGG 
TGCGGGACGATTATATCCAAGAGGTACGGCC 


4606 




GATCCCTAATGGTGGGG 


4607 




CCCCACCATTAGGGATC 


4608 


Sulfonylurea 

Resistance 

ALS 


AGTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCG 
ATCACTGGTCAAGTCTCTCGTCGGATGATCGGTACCGATGCTTTC 
CAGGAAACTCCAATTGTTGAGGTAACAAGGT 


4609 


Gossypium hirsuium 

Pro186Ser 

CCT-TCT 


ACCTTGTTACCTCMCMTTGGAGTTTCCTGGAAAGCATCGGTAC 

CGATCATCCGACGAGAGACTTGACCAGTGATCGCCACGAGAGGG 

ATACTATCGAGCATTGCATCAGCGAGACCACT 


4610 




GTCAAGTCTCTCGTCGG 


4611 




CCGACGAGAGACTTGAC 


4612 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAACGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4613 


Gossypium hirsutum 

Pro186Gln 

CCT-CAA 


GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGTTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4614 




TCAAGTCCAACGTCGGA 


4615 
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TCCGACGTTGGACTTGA 


4616 


Sulfonylurea 

Resistance 

ALS 

Gossypium hirsutum 

Pro186Gln 

CCT-CAG 


GTGGTCtCGCTGATGCAATGCtCGATAGtATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAGCGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4617 


GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGCTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4618 


TCAAGTCCAGCGTCGGA 


4619 


TCCGACGCTGGACTTGA 


4620 


Imidazolinone 

Resistance 

ALS 

Gossypium hirsutum 

Ser642Asn 

AGT-AAT 


GACCTTACTTGTTGGATGTGATTGTCCCACATCAAGAACATGTCCT 
GCCTATGATCCCCAATGGAGGGGCTTTCAAAGATGTGATCACAGA 
GGGTGATGGAAGAACACAATATTGACCTCA 


4621 


TGAGGTCAATATTGTGTTCTTCCATCACCCTCTGTGATCACATCTT 
TGAAAGCCCCTCCATTGGGGATCATAGGCAGGACATGTTCTTGAT 
GTGGGACAATCACATCCAACAAGTAAGGTC 


4622 


GATCCCCAATGGAGGGG 


4623 


CCCCTCCATTGGGGATC 


4624 


Sulfonylurea 

Resistance 

ALS 

Amaranthus powellii 

Pro192Ser 

CCC-TCC 


TCTGGTCTTGCTGATGCACTTCTTGACtCAGTCCCTCTTGTCGCC 

ATTACTGGGCAAGTTTCCCGGCGTATGATTGGTACTGATGCTTTTC 

AAGAGACTCCAATTGTTGAGGTAACTCGAT 


4625 


ATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTACC 

/ \ i v wf iw I i * %x^ i x^/ w V « I 1 W X*»/ *X^ 1 X^ 1 X^ 1 1 X^# W V V »X^X^# » 1 X^# %X^ * * »X^ X^ 

AATCATACGCCGGGAAACTTGCCCAGTAATGGCGACAAGAGGGA 
CTGAGTCAAGAAGTGCATCAGCAAGACCAGA 


4626 


GGCAAGTTTCCCGGCGT 


4627 


ACGCCGGGAAACTTGCC 


4628 


Sulfonylurea 

Resistance 

ALS 

Amaranthus powellii 

Pro192Gln 

CCC-CAA 


CTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCCA 
TTACTGGGCAAGnCAACGGCGTATGATTGGTACTGATGCTnTC 
AAGAGACTCCAATTGTTGAGGTAACTCGATC 


4629 


GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 
CAATCATACGCCGTTGAACTTGCCCAGTAATGGCGACAAGAGGGA 
CTGAGTCAAGAAGTGCATCAGCAAGACCAG 


4630 


GCAAGTTCAACGGCGTA 


4631 


TACGCCGTTGAACTTGC 


4632 


Sulfonylurea 

Resistance 

ALS 

Amaranthus powellii 

Pro192Gln 

CCC-CAG 


CTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCCA 
TTACTGGGCAAGTTCAGCGGCGTATGATTGGTACTGATGCTTTTC 
AAGAGACTCCAATTGTTGAGGTAACTCGATC 


4633 


GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 

CAATCATACGCCGCTGAACTTGCCCAGTAATGGCGACAAGAGGG 

ACTGAGTCAAGAAGTGCATCAGCAAGACCAG 


4634 



WO 01/92512 
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• • 

Phenotype, Gene, 


• - - 

• 




Plant & Targeted 
Alteration 


. Altering Oligos : . 




1 ■ 
fSEQID 

NO: 




GCAAGTTCAGCGGCGTA 


4635 




TACGCCGCTGAACTTGC 


4636 


Imidazolinone 

Resistance 

ALS 


GACCGTATCTGCTGGATGTAATCGTACCACATCAGGAGCATGTGC 
TGCCTATGATCCCfAACGGTGCCGCCTTCAAGGACACCATAACAG 
AGGGTGATGGAAGAAGGGCTTATTAGTTGGT 


4637 


Amaranthus powellii 

Ser652Asn 

AGC-AAC 


ACCAACTAATMGCCCTTCTTCCATCACCCTCTGTTATGGTGTCCT 
TGAAGGCGGCACCGTTAGGGATCATAGGCAGCACATGCTCCTGA 
TGTGGTACGATTACATCCAGCAGATACGGTC 


4638 




GATCCCTAACGGTGCCG 


4639 




CGGCACCGTTAGGGATC 


4640 
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Table 12 

Genome-Altering Ojjgos Conferring Porohvric Herbicide Resistance 



5 



Plant & Targeted • 
-. • Alteration 


1 

Altering OKgos 


SEQID 

NO: 


Porphyric Herbicide 

Resistant 

PPO 


TCTTGCGCCCTCTTTCTGAATCTGCTGCAAATGCACTCTCAAAACT 

ATATTACCCACCAATGGCAGCAGTATCTATCTCGTACCCGAAAGA 

AGCAATCCGAACAGMTGTTTGATAGATGG 


4641 


Arabidopsis thaliana 

Val365Met 

GTT-ATG 


CCATCTATCAAACATTCTGTTCGGATTGCTTCTTTCGGGTACGAGA 
TAGATACTGCTGCCATTGGTGGGTMTATAG 1 1 1 1 GAGAGTGCATT 
TGCAGCAGATTCAGAAAGAGGGCGCAAGA 


4642 




CCCACCAATGGCAGCAG 


4643 




CTGCTGCCATTGGTGGG 


4644 


Pornhvric Herbicide 

Resistant 

PPO 


TATTACGTCCTCTTTCGGTTGCCGCAGCAGATGCACI 1 ICAMI 1 1 

CTACTATCCCCCAATGGGAGCAGTCACMTTTCATATCCTCAAGAA 

GCTATTCGTGATGAGCGTCTGGTTGATGG 


4645 


Nicotians t&bacum 

Val376Met 

GTT-ATG 


CCATCAACCAGACGCTCATCACGAATAGCTTCTTGAGGATATGAA 
ATTGTGACTGCTCCCATTGGGGGATAGTAGAMTTTGAAAGTGCA 
TCTGCTGCGGCAACCGAAAGAGGACGTAATA 


4646 






4647 




CTGCTCCCATTGGGGGA 


4648 


Porohvric Herbicide 

Resistant 

PPO 


TGTTGCGTCCGCTTTCGTTGGGTGCAGCAGATGCATTGTCAAAAT 
TTTATTATCCTCCGATGGCAGCTGTATCAATTTCATATCCAAAAGA 
CGCAATTCGTGCTGACCGGCTGATTGATGG 


4649 


Cichorium intybus 

Val383Met 

GTT-ATG 


CCATCAATCAGCCGGTCAGCACGAATTGCGTCTTTTGGATATGAA 
ATTGATACAGCTGCCATCGGAGGATAATAAAA 1 1 1 1 GACAATGCAT 
CTGCTGCACCCAACGAAAGCGGACGCAACA 


4650 




TCCTCCGATGGCAGCTG 


4651 




CAGCTGCCATCGGAGGA 


4652 


Porphyric Herbicide 

Resistant 

PPO 


TCCTTCGTCCACTTTCAGATGTCGCCGCAGAATCTCTTTCAAAATT 
TCATTATCCACCAATGGCAGCTGTGTCACTTTCCTATCCTAAAGAA 
GCAATTAGATCAGAGTGCTTGATTGACGG 


4653 


Spinacia oleracea 

Val390Met 

GTT-ATG 


CCGTCAATCAAGCACTCTGATCTAATTGCTTCTTTAGGATAGGAAA 
GTGACACAGCTGCCATTGGTGGATAATGAAATTTTGAAAGAGATTC 
TGCGGCGACATCTGAAAGTGGACGAAGGA 


4654 




TCCACCAATGGCAGCTG 


4655 




CAGCTGCCATTGGTGGA 


4656 
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Phenotype, Gene, 
■ 'Plants Targeted ' 
; • Alteration; . ". 


mmwm&mmm 


• < • 

mm 


• 

i ;:y; : 

Altering Oiigos 


SEQ ID; 
NO*. 


Porphyric Herbicide 

Resistant 

PPO 

Zea mays 

Val363Met 

GTT-ATG 


MM PPPTPP A PI 1 IP A APPf ATPPTPP A P ATPPTPTATP A A P ATT 

1 1! 1 bib 1 UOAO 1 1 1 OAAbUbA 1 bL» 1 bOAbA 1 bb 1 L» I A 1 OAAbA 1 1 

CTATTATCCACCGATGGCTGCTGTAACTGTTTCGTATCCAAAGGAA 
GCAATTAGAAAAGAATGCTTAATTGATGG 


4657 


Lv/AIOAAI lAAbUAl ILI 1 1 IUIAAI lbL.1 IL.L-1 1 louAIAOoAAAO 

AGTTACAGCAGCCATCGGTGGATAATAGAATCTTGATAGAGCATC 

TGCAGCATCGCTTGAAAGTGGACGCAAAA 


4658 


1 uUAUL-bA 1 bbb 1 bU 1 b 


4659 


CAGCAGCCATCGGTGGA 


4660 


Porphyric Herbicide 

Resistant 

PPO 

Ofyza sativa 

Val364Met 

GTT-ATG 


TCTTGCGGCCAC 1 1 1 CAAGTGATGCAGCAGATGCTCTGTCAATATT 

CTATTATCCACCAATGGCTGCTGTAACTGTTTCATATCCAAAAGAA 

GCAATTAGAAAAGAATGCTTAATTGACGG 


4661 


r*f*r*Tr* a atta a r*^ a tt^tttt/^t a att^tt^ i i i i^atat^a a a o 
CCGTCAATTAAGCATTC 1 1 1 1 CTAATTGCTTC 1 1 1 1 GGATATGAAAC 

AGTTACAGCAGCCATTGGTGGATAATAGAATATTGACAGAGCATCT 

GCTGCATCACTTGAAAGTGGCCGCAAGA 


4662 


TCCACCAATGGCTGCTG 


4663 


CAGCAGCCATTGGTGGA 


4664 


Porphyric Herbicide 

Kesisiant 

PPO 

Chlamydomonas 
reinhardtii 
Val389Met 
GTG-ATG 


CTGGTCAAGGAGCAGGCGCCCGCCGCCGCCGAGGCCCTGGGCT 
CCTTCGACTACCCGCCGATGGGCGCCGTGACGCTGTCGTACCCG 
CTGAGCGCCGTGCGGGAGGAGCGCAAGGCCTCGG 


4665 


CCGAGGCCTTGCGCTCCTCCCGCACGGCGCTCAGCGGGTACGA 
CAGCGTCACGGCGCCCATCGGCGGGTAGTCGAAGGAGCCCAGG 
GCCTCGGCGGCGGCGGGCGCCTGCTCCTTGACCAG 


4666 


ACCCGCCGATGGGCGCC 


4667 


GGCGCCCATCGGCGGGT 


4668 



20 Table 13 

Genome-Altering Oiigos Conferring Triazine Resistance 



Phenotype, Gene, ■ 
Plants Targeted 
Alteration 




: : :-: : Xv>::-;-::: ; :v: : Xx>\ : . : :;x : :.: 


Altering Oiigos 

• 

' 




SEQiD 

i ...J 


Triazine Resistant 
D1 Protein 
Arabidopsis thaliana 
Ser264Thr 
AGT-ACT 


AAAC 1 1 ACAACA 1 1 G I AGC I GC I CACGG 1 1 A 1 1 1 1 GGCCGA 1 IGAI 

TTTCCMTATGCTACTnCMCMTTCTCGTTCTTTACATTTCTTCTT 

AGCGGCTTGGCCGGTAGTAGGTATTTG 


4669 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4670 
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Phenbtype,.Gene, 
■ Plant &^Targetedy 
Alteration 











iiliiiiiiiiiii 












■ 





Altering Oligos 



: ;v.-:v: ;'o 



SEQiD 

NO: 



ATATGCTACTTTCAACA 



4671 



TGTTGAAAGTAGCATAT 



4672 



Triazine Resistant 
D1 Protein 
Nicotiana tabacum 
Ser264Thr 
AGT-ACT 



AAACTTATAACATCGTAGCCGC I CA I GG 1 1 A 1 1 1 1 GGCCGATTGAT 
CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 



1673" 



CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAA6TAGCATATTGGAAGATCAATCGGCCAAAA 

TMCCATGAGCGGCTACGATGTTATAAGTTT 



4674 



ATATGCTACTTTCAACA 



4675 



TGTTGAAAGTAGCATAT 



4676 



Triazine Resistant 
D1 Protein 
Populus deltoides 
Ser264Thr 
AGT-ACT 



Triazine Resistant 
D1 Protein 
Petunia xhybrida 
Ser264Thr 
AGT-ACT 



AAACTTATMTATCGTAGCCGCI CA I GG I IAI 1 1 IGGCCGAI IGAI 
CnCCMTATGCTACTTTTAACAACTCTCGCTCTTTACATTTCnCT 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 



CAGATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAG 
CGAGAGTTGTTAAAAGTAGCATATTGGAAGATCAATCGGCCAAMT 
AACCATGAGCGGCTACGATATTATAAGTTT 



4678 



ATATGCTACTTTTAACA 



4679 



TGTTAAAAGTAGCATAT 



4680 



AMCTTATMTATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 



4681 



CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATATTATAAGTTT 



4682 



ATATGCTACTTTCAACA 



4683 



TGTTGAAAGTAGCATAT 



4684 



Triazine Resistant 
D1 Protein 

Magnolia pyramidata 

Ser264Thr 

AGT-ACT 



AAACTTATMTATCGTAGCTGCICAIGGI IAI 1 1 IGGCCGAI IGAI 

CnCCMTATGCTACjnCMCMTTCTCGTTCTTTACATTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 



4685 



CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAMGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
MCCATGAGCAGCTACGATATTATAAGTTT 



4686 



ATATGCTACTTTCAACA 



4687 



TGTTGAAAGTAGCATAT 



4688 



Triazine Resistant 
D1 Protein 
Medicago sativa 
Ser264Thr 
AGT-ACT 



AAACCTATAATATTGTAGCAGC I CA I GG I IAI 1 1 IGGCCGAI IGAI 

CnCCMTATGCTACmCMCMCTCTCGTTCTTTACATTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 



CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA. 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCMTCGGCCAAAA 
TAACCATGAGCTGCTACAATATTATAGGTTT 



ATATGCTACTTTCAACA 



4690 



4691 



WO 01/92512 



-66- 



PO7US01/17672 



: Pftenotyp^Gene^ r 
Alteration 


>,. : . ■ ••• ; 

- . ,. Artering Oligos ; , . 

: • ; • 


SEQID 

. NO; 




TGTTGAAAGTAGCATAT 


4692 


Triazine Resistant 
D1 Protein 
Glycine max 
Ser264Thr . 
AGT-ACT 


amcctatmTAttgtagctgctcatggttatttTggccgattgat 
cttccmtatgcmcmcmcmttctcgttctttacatttcttct 
tagctgcttggcctgtagtaggtatttg 


4693 


CAMTACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGTTGCATATTGGAAGATCAATCGGCCAAAAT 

MCCATGAGCAGCTACAATATTATAGGTTT 


4fiQ4 


ATATGCAACTTTCAACA 




TGTTGAAAGTTGCATAT 




I iicii.nic rxCosoLcilll 

D1 Protein 
Brassica napus 
Gly264Thr 
GGT-ACT 


AMAV-r I 1 n\jnr\\jr\ 1 1 Kj I Mow I bU 1 OAL>ovJ 1 1 A 1 1 1 1 oVjLL/oA 1 1 vjA I 

CTTCCMTATGCTACTnCAACAATTCTCGnCTTTACATTTCTTCT 
TAGCGGCTTGGCCGGTAGTAGGTATTTG 


4697 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAfiAA 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCGTGAGCAGCTACAATGTTGTMGTTT 




ATATGCTACTTTCAACA 


4fiQQ 


TGTTGAAAGTAGCATAT 


47nn 


Triazine Resistant 
D1 Protein 
Oryza sativa 
Ser264Thr 
AGT-ACT 


AMCTTATMTAnGTGGCCGCTCATGGnATTTTGGCCGATTAAT 

■ w w ■ ii in w ii f ii I x^ I X^X^NrXr X^^^ 1 X^/ i 1 X^XV I 1 Ji I l | i x^xv^y Wx^fi 1 I I 

CTTCCAATATGCTAC 1 1 1 1 AACAACTCTCGTTCTTTACACTTCTTCT 
TGGCTGCTTGGCCTGTAGTAGGGATTTG 


4701 


CAAATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAfiAA 
CGAGAGTTGTTAAAAGTAGCATATTGGAAGATTAATCGGCCAAMT 
AACCATGAGCGGCCACAATATTATAAGTTT 


4709 


ATATGCIACI 1 1 IAACA 


47n^ 


TGTTAAAAGTAGCATAT 


4704 


Triazine Resistant 
D1 Protein 
Zea mays 
Ser264Thr 
AGT-ACT 


AGACTTATAATATTGTGGCTGCTCACGGTTA 1 1 1 lUUIUGAI IMI 

CnCCAATATGCTACTTTCAACAATTCTCGTTCTTTACACnCTTCT 

TGGCTGCTTGGCCTGTAGTAGGGATCTG 


i 4705 


PAfiATPPPTAPTAPAftftPPAAf^PAftPPA Af^A AfS A A^TOTA A AO A A 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATTAATCGACCAAAAT 
MCCGTGAGCAGCCACAATATTATAAGTCT 


4706 


ATATfifTAPTTTrAAPA 


4707 


TfiTTfiAAAfiTAftPATAT 

1 V3 1 1 UWWV) 1 HULiM IMI 


4708 


Triazine Resistant 
D1 Protein 
Arabidopsis thaliana 
Ser264Thr 
AGT-ACT 


AMCnACMCATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 
TnCCMTATGCTACTnCMCMTTCTCGTTCTTTACATTTCTTCTT 
AGCGGCTTGGCCGGTAGTAGGTATTTG 


4709 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4710 


ATATGCTACTTTCAACA 


4711 


TGTTGAAAGTAGCATAT 


4712 
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:s;|||enotype,-G6p|| 
PSgitt & Tardeted 
: Alteration 


- 




Triazine Resistant 
D1 Protein 


AAACTTATMCATCGTAGCCGC 1 CA 1 GG 1 IAI 1 1 IGGCCGAI IGAI 
CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 


4713 


Nicotiana tabacum 


TAGCTGCTTGGCCTGTAGTAGGTATCTG 




Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
TAACCATGAGCGGCTACGATGTTATAAGTTT 


4714 




ATATGCTACTTTCAACA 


4715 




TGTTGAAAGTAGCATAT 


4716 


Triazine Resistant 


AAACTTATAATATCGTAGCCGCTCATGGTTAI 1 1 IGGCCGAI IGAI 


4717 


D1 Protein 


CTTCCAATATGCTACI 1 1 1 AACAACTCTCGCTCTTTACATTTCTTCT 




Populus deltoides 


TAGCTGCTTGGCCTGTAGTAGGTATCTG 




Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAG 

CGAGAGTTGTTAAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCATGAGCGGCTACGATATTATAAGTTT 


4718 




AIAIGCIACI 1 1 IAACA 


4719 




TGTTAAAAGTAGCATAT 


4720 | 


Triazine Resistant 
D1 Protein 
Petunia x hybrids 


AAACI IAIAAIAICGIAGCCGCICAIGGI IAI 1 1 IGGCCGAI IGAI 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4721 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATATTATAAGTTT 


4722 




ATATGCTACTTTCAACA 


4723 




TGTTGAAAGTAGCATAT 


4724 


Triazine Resistant 
D1 Protein 


AAACTTATAATATCGTAGCTGC 1 CA 1 GG 1 IAI 1 1 IGGCCGAI IGAI 
CnCCMTATGCTACTTTCAACAAnCTCGTTCTTTACATTTCnCC 


4725 


Magnolia pyramidata 


TAGCTGCTTGGCCTGTAGTAGGTATCTG 




Ser264Thr 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 


4726 


AGT-ACT 


CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCATGAGCAGCTACGATATTATAAGTTT 






ATATGCTACTTTCAACA 


4727 




TGTTGAAAGTAGCATAT 


4728 


Triazine Resistant 
D1 Protein 
Medicago sativa 


AMCCTATMTATTGTAGCAGCTCATGGTTATTTTGGCCGATTGAT 
CnCCMTATGCTACTTTCAACAACTCTCGTTCTTTACATTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4729 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
TAACCATGAGCTGCTACAATATTATAGGTTT 


4730 




ATATGCTACTTTCAACA 


4731 




TGTTGAAAGTAGCATAT 


4732 
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Phenotype,Gene,- 
Plant s Targeted 
Alteration 




• s . :■ ■; ,\ : < . 

Altering Oligos 


SEQID: 
NO: 


Triazine Resistant 
D1 Protein 
Gfycinemax 
Ser264Thr 
AGT-ACT 


AAACCTATAATATTGTAGCTGCTCATGGTTATnTGGCCGATTGAT 
CnCCMTATGCMCTTTCAACAATTCTCGnCTTTACATTTCnCT 
TAGCTGCTTGGCCTGTAGTAGGTATTTG 


4733 


CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTTGCATATTGGAAGATCMTCGGCCAAAAT 
AAoL»AlbAoLAbOIAuAAI Al lAIAuol 1 1 


4734 


ATATGCAACTTTCAACA 


4735 


TGTTGAAAGTTGCATAT 


4736 


i nazine rcesisiam 
D1 Protein 
Brassica napus 
G!y264Thr 
GGT-ACT 


AAACnACAACATTGTAGCTGCTCACGGTTATTTTGGCCGAnGAT 
CnCCAATATGCTACTTTCMCMnCTCGTTCTTTACATTTCTTCT 
TAGCGGCTTGGCCGGTAGTAGGTATTTG 


4/0f 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCGTGAGCAGCTACAATGTTGTAAGTTT 


473ft 


ATATGCTACTTTCAACA 


473Q 


TGTTGAAAGTAGCATAT 


474A 


Triazine Resistant 
D1 Protein 
Oryza sativa 
Ser264Thr 
AGT-ACT 


AAACNAIAAIAI IGIUGCCGCICAIGGI IAI 1 1 IGGCCGAI IAAI 
CTTCCAATATGCTAC 1 1 1 1 AACAACTCTCGTTCTTTACACTTCTTCT 
TGGCTGCTTGGCCTGTAGTAGGGATTTG 


4741 


CAAATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTAAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCGGCCACAATATTATAAGTTT 


4749 


AIAIGCIACIIIIAACA 


4743 


TGTTAAAAGTAGCATAT 


4744 


Triazine Resistant 
D1 Protein 
Zea mays 
Ser264Thr 
AGT-ACT 


AGACTTATAATATTGTGGCTGC 1 UACGGI IAI 1 1 IGGICGAI IAAI 

CnCCAATATGCTACTTTCAACAAnCTCGTTCTnACACTTCTTCT 

TGGCTGCTTGGCCTGTAGTAGGGATCTG 


4745 


CAGATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAATTGTTGAMG.TAGCATATTGGAAGATTAATCGACCAAAAT 

A Af fTTY* A/T* A/TT'A/"' A AT ATT ATA A^T^T 

AAOLb 1 bAoOAoOUAOAA IAI IAI AAo TOT 


4746 


ATATGCTACTTTCAACA 


4747 


TGTTGAAAGTAGCATAT 


474cJ 


Triazine Resistant 
D1 Protein 
Arabidopsis thaliana 
Ser264Thr 
AGT-ACT 


AMCnACMCATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 
mCCMTATGCTACTTTCAACAAnCTCGnCTTTACATTTCncn 
AGCGGCTTGGCCGGTAGTAGGTATTTG 


4749 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAMGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4750 


ATATGCTACTTTCAACA 


4751 


TGTTGAAAGTAGCATAT 


4752 
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Plant & Targeted 

Alteration 


• 

v:; : : ; x : : : : : :v: : k>v:v: ; : : ; ; : ; ; : ; : : : : ; ;;; : ; ; :s 

. . Altering oiigos , * 


seqid; 




Triazine Resistant 
D1 Protein 


AAACCTACAATATTGTGGCTGCTCACGGTTATTTCGGCCGATTGAT 
CnCCAGTATGCTACTTTCAACAACTCCCGTTCTrTACATTTCTTCT 


4753 




Picea abies 


TAGCTGCTTGGCCCGTAGCAGGTATCTG 




5 


Ser264Thr 

Vwl L-\Jt 1 1 II 

AGT-ACT 


CAGATACCTGCTACGGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 
CGGGAGTTGTTGAAAGTAGCATACTGGAAGATCAATCGGCCGAAA 
TAACCGTGAGCAGCCACAATATTGTAGGTTT 


4754 






GTATGCTACTTTCAACA 

1 / » 1 vv 1 ny 1 1 1 wnnvn 


4755 






TGTTGAAAGTAGCATAC 

1 w ■ 1 vJ/v/v\^ 1 r\\Jvn 1 nu 


4756 




I nazme Kesistant 
D1 Protein 
V/'r/V? fsbs 


A A APPYaY A AT ATT^TA^PTf^PTP APf^fiTY AlH^Tf^nPf^ ATTY2 AT 
AAAOL> 1 A 1 AA 1 A 1 I o 1 AbU 1 Ow 1 Lr AL»oo 1 1 A 1 1 II 1 1 bn 1 

CnCCMTATGCTACTTTCMCMnCTCGCTCTTTACATTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 




10 


Ser264Thr 
AGT-ACT 


OAGATArnTAOTACAGGCCAAGCAGCTAGGAAGAAATGTAMGAG 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATATTATAGGTTT 


4758 






ATATGrTACTTTCAACA 


4759 






TGTTGAAAGTAGCATAT 


4760 




Triazine Resistant 


AGACITAIAAIAI IGIGGCIGCICAIGGI IAI 1 1 IGGCCGAI IAAJ 


4761 




D1 Protein 


CTTCCMTATGCTACTTTCMCMCTCTCGTTCTTTACACTTCTTCT 

v/ 1 1 vvnn 1 r \ 1 VJW 1 rvv 1 I 1 wnrlunnv 1 W 1 vv 1 1 V/ I 1 ■ nvnv 1 1 w 1 1 w I 








TGGCTGCTTGGCCTGTAGTAGGAATCTG 






Ser264Thr 


nAGATTrrTACTAnAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 


4762 

~/ Wfc 


15 


AGT-ACT 


CGAGAGTTGTTGAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCCACAATATTATAAGTCT 








ATATRrTArTTTrAAPA 


4763 






TGTTGAAAGTAGPATAT 


4764 




Triazine Resistant 


AAACTTATAATATTGTGGCTGCTCAIGGI IAI 1 1 IGGCCGAI IMT 


4765 




D1 Protein 


CTTCCMTATGCTACTTTCMCMCTCTCGnCTTTACACTTCTTCT 

\j i i wnn i n i vjv i nu i i i \jrv\\jt\r\\j i w i i 1 w i i ■ r\\j/%\j i i v/ i i v i 






Tritirjjm aetf/i/zirt? 

/riifiswfff ciwviivUfff 


TGGCTGCTTGGCCTGTAGTAGGAATCTG 




20 


Ser264Thr 
AGT-ACT 


CAGATTCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCCACAATATTATAAGTTT 


4766 

■ f V/w 






ATATGCTACTTTCAACA 


4767 






TGTTGAAAGTAGCATAT 


4768 




Triazine Re^tetant 


AAACTTATAATATTGTAGCTGCTCAIGGI IAI 1 1 1 GGCCGATTAATC 


4769 




D1 Protein 


TTCCMTATGCMCTTTCMCMTTCTCGTTCTTTACATTTCTTCCT 






V/gna unguiculata 


AGCTGCTTGGCCTGTAGTAGGTATTTG 






Ser264Thr 


CAAATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 


1 4770 


25 


AGT-ACT 


CGAGAATTGTTGAAAGTTGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCTACAATATTATAAGTTT 








ATATGCAACTTTCAACA 


4771 






TGTTGAAAGTTGCATAT 


4772 
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• Phenotype, Gene, 
Plant & Targeted 
AlieratiQrs 


- . 

Altering Oiigos 

•: : i'^v:v:x::::>::::::::::::::>>o:S::v;<:::^ 

::' 


SEQ1D 

MOT 


Triazine Resistant 
D1 Protein 
Lotus japonicus 


AMCCTATMTATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 
CTTCCMTATGCMCTTTCMCAACTCTCGTTCTTTACACTTCTTCT 
TAGCTGCTTGGCCTGTTGTAGGTATCTG 


4773 


Ser264Thr 
AGT-ACT 


CAGATACCTACAACAGGCCAAGCAGCTAAGAARAARTRTAAARAA 

CGAGAGTTGTTGAAAGTTGCATATTGGAAGATCAATCGGCCAAAAT 

AACCGTGAGCAGCTACAATATTATAGGTTT 


4774 




ATATGCAACTTTCAACA 


4775 




TGTTGAAAGTTGP.ATAT 

1 Vj 1 1 UnnnVJ 1 1 Uur\ 1 M 1 


4778 


i nazme Kesistant 
D1 Protein 
Sinapis alba 


AAAb 1 1 AbAAUA 1 1 b 1 Abb 1 bb 1 bAbbb 1 1 A 1 1 1 1 bbbbbAI 1 bAT 
CTTCCMTATGCTACTTTCMCMTTCTCGTTCTTTACATTTCTTCT 
TAGCGGCTTGGCCGGTAGTAGGTATTTG 


AT7T 

4777 


Ser264Thr 

WVl MmV 1 1 1 II 

AGT-ACT 


rAAATArrTAnTAPPfifirrAA^Pr^PTAA^AA^AAAT^TAAA^AA 

vnnn 1 MOO 1 MO 1 MOOOVJOOMMOOOVJO I MMVJMMVJMMM 1 VJ 1 MMMOMM 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4778 
Hi / 0 




ATATHrTACTTTPAAPA 

M I M 1 VJO 1 Aw 1 1 i OMMOM 


477Q 




TftTTftAAAGTAftrATAT 

1 1 1 VJMMMVJ 1 MOOM 1 M 1 


A78fi 
HfOU 


Triazine Resistant 

1 1 lUfpll IV 1 \UWIWUill 11 

D1 Protein 
Pisum sativum 


AMCCTATMTATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 
CnCCMTATGCTACTTTCAACAATTCTCGCTCTTTACATTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4781 

*tf U 1 


Ser264Thr 
AGT-ACT 


CARATARCTACTARARRRrAARrARrTARRAARAAATRTAAARAR 

\sr\*jr\ l now i l nonowOonnwonwO I nuunftu/Wi 1 w 1 /w\vjA\w 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATATTATAGGTTT 


4789 

H/ OZ 




ATATRRTACTTTRAARA 

M 1 M 1 ww 1 MS/ 1 1 I V/nnvn 


478^ 
Hi 00 




TGTTGAAAGTAGCATAT 


4784 
Hi OH 


i nazine Kesistam 
D1 Protein 
Spinacia oleracea 


A A APTTATA A T A TOOT A P OTPPTO A TP rTT ATTTTr^r^TP P A TTP A T 

AAAb 1 1 A 1 AA 1 A 1 bb 1 Abb 1 bb 1 bA 1 bb 1 1 A 1 II 1 bb 1 bbA 1 1 bAT 

CTTCCMTATGCTACTTTCAACAACTCTCGnCrrTACACTTCnCT 
TAGCTGCTTGGCCTGTAGTAGGTATTTG 


/7QC 

4785 


Ser264Thr 

Vwl *— v/ i 1 III 

AGT-ACT 


nAMTACCTACTAnAfiRnr,AAnrAnrTAAfiAAfiAA(^TnTAAA(^AA 

wnnn 1 r\\J\j 1 nw 1 nwnVJUvwnnUwnvv 1 MMVjMMNJMMVJ I VJ 1 MMMOMM 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGACCAAAAT 
AACCATGAGCAGCTACGATATTATAAGTTT 


4788 

Hi 00 




ATATGCTACTTTCAACA 


4787 

H/ 0/ 




TGTTGAAAGTAGCATAT 


4788 

H/ 00 


Triazine Resistant 
D1 Protein 
Nicotiana debneyi 


AAACTTATAACATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 
CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


478Q 

Hi u*7 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGTTATAAGTTT 


4790 




ATATGCTACTTTCAACA 


4791 




TGTTGAAAGTAGCATAT 


4792 
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Phenotype, Gene, 
Plant & Targeted 
Alteration 




Altering Oligos , 

- 

. . . . . • . • ' .- . • • 


% 

■ : . 


• 

: : :->: : x-:;:->x-:-: : :: : -: : :>:::v^:-:' 


SEQ IE) 

NO: 


Triazine Resistant 
D1 Protein 
Solanum nigrum 
Ser264Thr 
AGT-ACT 


AAACTTATAATATCGTAGCCGCTCA I GG I IAI 1 1 1 GGCCGATTGAT 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4793 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 
rGAGAGTTfiTTGAAAGTAGnATATTGGAAGATnAATCGGCCAAAA 

TAACCATGAGCGGCTACGATATTATAAGTTT 


4794 


ATATGCTACTTTCAACA 


4795 


TGTTGAAAGTAGCATAT 


4796 


Triazine Resistant 

D1 Protein 

Nicotiana 

plumbaginifolia 

Ser264Thr 

AGT-ACT 


AAACTTATAACATCGTAGCCGC 1 CA 1 GG 1 IAI 1 1 IGGCCGAI IGAI 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCnCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4797 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAMGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGTTATAAGTTT 


4798 


ATATGCTAfiTTTCAACA 


4799 ; 


TGTTGAAAGTAGCATAT 


4800 
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Example 6 

Engineering male- or female-sterile plants 

Flower development in distantly related dicot plant species is increasingly better understood 
and appears to be regulated by a family of genes which encode regulatory proteins. These genes include, 
for example, AGAMOUS {AG), APETALA1 {AP1\ and APETALA3 (AP3) and PISTILLATA {PI) in 
Arabidopsis thaliana, and DEFICIENSA (DEFA), GLOBOSA {GLO), SQUAMOSA {SQUA), and PLENA 
{PLE) in Antirrhinum majus. Genetic studies have shown that the DEFA, GLO and AP3 genes are essential 
for petal and stamen development. Sequence analysis of these genes revealed that the gene products 
contain a conserved MADS box region, a DNA-binding domain. Using these clones as probes, MADS box 
genes have also been isolated from other species including tomato, tobacco, petunia, Brassica napus, and 
maize. 

Altering the expression of these genes results in altered floral morphology. For example, 
mutations in AP3 and PI result in male-sterile flowers because petals develop in place of stamens. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that confer altered floral structures in plants. 



Table 14 

Oligonucleotides to produce male-sterile plants 



Phenotype, Gene, 
Plant & targeted 
Alteration 




wmm 

NO: 


Male-sterile 
AP3 

Arabidopsis thaliana 

Arg3Term 

AGA-TGA 


TTGTCCTCTCCACCAAATCTCTTCAACAAAAAGATTAAACAAAGAGA 
GAAGAATATGGCGTGAGGGAAGATCCAGATCAAGAGGATAGAGAA 
CCAGACAAACAGACAAGTGACGTATTCAA 


4801 


TTGAATACGTCACTTGTCTGTTTGTCTGGTTCTCTATCCTCTTGATC 
TGGATCTTCCCTCACGCCATATTCnCTCTCTnGTTTAATCTTTTT 
GTTGAAGAGATTTGGTGGAGAGGACAA 


4802 


ATATGGCGTGAGGGAAG 


4803 


CnCCCTCACGCCATAT 


4804 


Male-sterile 
AP3 

Arabidopsis thaliana 

Lys5Term 

AAG-TAG 


TCTCCACCAAATCTCTTCAACAAAAAGATTAAACAAAGAGAGAAGA 

ATATGGCGAGAGGGTAGATCCAGATCAAGAGGATAGAGAACCAGA 

CAAACAGACAAGTGACGTATTCAAAGAGAA 


4805 


TTCTCTTTGAATACGTCACTTGTCTGTTTGTCTGGTTCTCTATCCTC 
TTGATCTGGATCTACCCTCTCGCCATATTCTTCTCTCTTTGTTTAAT 
C 1 1 1 1 1 GTTGAAGAGATTTGGTGGAGA 


4806 


CGAGAGGGTAGATCCAG 


4807 
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CTGGATCTACCCTCTCG 


4808 


Male-sterile 
AP3 

Arabidopsisihaliana 

Gln7Term 

CAG-TAG 


ccaaatctcttcaacaaaaagattaaacaaagagagaagaatatgg 
cgagagggaagatctagatcaagaggaTagagaaccagacaaaca 
gacaagtgacgtattcaaagagaaggaatg 


4809 


CAnCCTTCTCTTTGAATACGTCACTTGTCTGTTTGTCTGGTTCTCT 
ATCCTCTTGATCTAGATCTTCCCTCTCGCCATATTCTTCTCTCTTTG 
TTrMTCTTTTTGTTGAAGAGATTTGG 


4810 


GGAAGATCIAGATCAAG 


4811 


CTTGATCTAGATCTTCC 


4812 


Male-sterile 
AP3 

Arabidopsis thaliana 

Lys9Term 

AAG-TAG 


CTCTTCAACAAAAAGATTAAACAAAGAGAGAAGAATATGGCGAGAG 
GGAAGATCCAGATCTAGAGGATAGAGAACCAGACAAACAGACAAG 
TGACGTATTCAAAGAGAAGGAATGGTTTAT 


4813 


ATAMCCAnCCTTCTCTTTGAATACGTCACTTGTCTGTTTGTCTGG 
TTCTCTATCCTCTAGATCTGGATCTTCCCTCTCGCCATATTCTTCTC 
TCTTTGTTTMTCTTTTTGTTGAAGAG 


4814 


TCCAGATCIAGAGGATA 


4815 


TATCCTCTAGATCTGGA 


4816 


Male-sterile 
AP3 

Brassica oleracea 

Lys23Term 

AAG-TAG 


AGAGGGAAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGA 
CAAGTGACGTATTCTTAGAGAAGAAATGGTTTGTTCAAGAAAGCTC 
ACGAGCTTACAG 1 1 1 IATGTGATGCTAGGG 


4817 


CCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTTGAACAA 
ACCATTTCTTCTCTAAGAATACGTCACTTGTCGGTTGGTCTGGTTC 
TCTATCCTCTTGATCTGGATCTTCCCTCT 


4818 


CGTATTCTTAGAGAAGA 


4819 


TCTTCTCTAAGAATACG 


4820 


Male-sterile 
AP3 

Brassica oleracea 

Arg24Term 

AGA-TGA 


GGGAAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGACAA 
GTGACGTATTCTAAGTGAAGAAATGGTTTGTTCAAGAAAGCTCACG 
AGCTTACAGTTTTATGTGATGCTAGGGTTT 


4821 


AAACCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTTGAA 
CAAACCATTTCTTCACTTAGAATACGTCACTTGTCGGTTGGTCTGG 
TTCTCTATCCTCTTGATCTGGATCTTCCC 


4822 


ATTCTAAGIGAAGAAAT 


4823 


ATTTCTTCACTTAGAAT 


4824 


Male-sterile 
AP3 

Brassica oleracea 

Arg25Term 

AGA-TGA 


AAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGACAAGTG 
ACGTATTCTAAGAGATGAMTGGTTTGTTCAAGAAAGCTCACGAGC 
TTACAGI 1 1 1 ATGTGATGCTAGGGTTTCGA 


4825 1 


TCGAAACCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTT 
GAACAAACCATTTCATCTCTTAGAATACGTCACTTGTCGGTTGGTC 
TGGTTCTCTATCCTCTTGATCTGGATCTT 


4826 


CTAAGAGAIGAAATGGT 


4827 


ACCATTTCATCTCTTAG 


4828 
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Male-sterile 
AP3 

Brassica oleracea 

Leu28Term 

TTG-TAG 


TCAAGAGGATAGAGAACCAGACCAACCGACAAGTGACGTATTCTA 
AGAGAAGAAATGGTTAGTTCAAGAAAGCTCACGAGCTTACAGTTTT 
ATGTGATGCTAGGGTTTCGATTATCATGTT 


4829 


AACATGATAATCGAAACCCTAGCATCACATAAAACTGTAAGCTCGT 
GAGCTTTCTTGAACTAACCATTTCTTCTCTTAGAATACGTCACTTGT 
CGGTTGGTCTGGTTCTCTATCCTCTTGA 


4830 


AAATGGTTAGTTCAAGA 


4831 


TCTTGAACTAACCATTT 


4832 


Male-sterile 
AP3 

Brassica napus 

Tyr21Term 

TAC-TAG 


GGU 1 UGAGGGMGATCCAGATTAAGAGGATAGAGAACCAAACAAA 
CAGGCAGGTCACCTAGTCCAAGAGAAGAAATGGTTTGTTCAAGAA 
AGCACACGAGCTCTCTGTTCTCTGTGATGCT 


4833 


AGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAACAAACC 

ATnCnCTCnGGACTAGGTGACCTGCCTGTTTGTTTGGTTCTCTA 

TCCTCTTAATCTGGATCTTCCCTCGAGCC 


4834 


GTCACCTAGTCCAAGAG 


4835 


CTCTTGGACTAGGTGAC 


4836 


Male-sterile 
AP3 

Brassica napus 

Lys23Term 

AAG-TAG 


CGAGGGAAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGG 
CAGGTCACCTACTCCTAGAGAAGAAATGGTTTGTTCAAGAAAGCAC 
ACGAGCTCTCTGTTCTCTGTGATGCTAAAG 


4837 


CTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAACAA 
ACCATTTCTTCTCTAGGAGTAGGTGACCTGCCTGTTTGTTTGGTTC 
TCTATCCTCTTAATCTGGATCTTCCCTCG 


4838 


CCTACTCCTAGAGAAGA 


4839 


TCTTCTCTAGGAGTAGG 


4840 


Male-sterile 
AP3 

Brassica napus 

Arg24Term 

AGA-TGA 


GGGAAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGGCAG 
GTCACCTACTCCAAGTGAAGAAATGGTTTGTTCAAGAAAGCACACG 
AGCTCTCTGTTCTCTGTGATGCTAAAGTTT 


4841 


AAACTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAA 
CAMCCATTTCTTCACTTGGAGTAGGTGACCTGCCTGTTTGTTTGG 
TTCTCTATCCTCTTAATCTGGATCTTCCC 


4842 


ACTCCAAGIGAAGAAAT 


4843 


ATTTCTTCACTTGGAGT 


4844 


Male-sterile 
AP3 

Brassica napus 

Arg25Term 

AGA-TGA 


AAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGGCAGGTC 

ACCTACTCCAAGAGATGAAATGGTTTGTTCAAGAAAGCACACGAGC 

TCTCTG7TCTCTGTGATGCTAAAGTTTCCA 


4845 


TGGAAACTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTT 
GAACAAACCATTTCATCTCTTGGAGTAGGTGACCTGCCTGTTTGTT 
TGGTTCTCTATCCTCTTAATCTGGATCTT 


4846 


CCAAGAGATCAAATGGT 


4847 


ACCATTTCATCTCTTGG 


4848 
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Male-sterile 
DEFA 

Antirrhinum majus 

Arg3Term 

CGA-TGA 


GGAGAGAAAGGAAAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGT 
AGTGGTTCGATGGCTTGAGGGAAGATCCAGATTAAGAGGATAGAG 
AACCAAACAAACAGGCAGGTCACCTACTCCA 


4849 


TGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTCTATCCTCTTMT 
CTGGATCTTCCCTCAAGCCATCGAACCACTACCACTACTGCTCTTG 
1 1 1 ICncnCCAGCTTTCCTTTCTCTCC 


4850 


CGATGGCTTGAGGGAAG 


4851 


CTTCCCTCMGCCATCG 


4852 


Male-sterile 
DEFA 

Antirrhinum majus 

LysSTerm 

AAG-TAG 


AAAGGAAAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGT 
TCGATGGCTCGAGGGTAGATCCAGATTAAGAGGATAGAGAACCAA 
ACAAACAGGCAGGTCACCTACTCCAAGAGAA 


4853 


nCTCTTGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTCTATCCT 

CTTAATCTGGATCTACCCTCGAGCCATCGAACCACTACCACTACTG 

CTCTTGTTTTCTTCTTCCAGCTTTCCTTT 


4854 


CTCGAGGGIAGATCCAG 


4855 


CTGGATCTACCCTCGAG 


4856 


Male-sterile 
DEFA 

Antirrhinum majus 

Gln7Term 

CAG-TAG 


AAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGTTCGATG 
GCTCGAGGGAAGATCTAGATTAAGAGGATAGAGAACCAAACAAAC 
AGGCAGGTCACCTACTCCAAGAGAAGAAATG 


4857 


CATnCTTCTCTTGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTC 
TATCCTCTTAATCTAGATCTTCCCTCGAGCCATCGAACCACTACCA 
CTACTGCTCTTGI 1 1 I CTTCTTCCAGCTT 


4858 


GGAAGATCIAGATTAAG 


4859 


CTTAATCTAGATCTTCC 


4860 


Male-sterile 
DEFA 

Antirrhinum majus 

Lys9Term 

AAG-TAG 


GAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGTTCGATGGCTCGA 
GGGAAGATCCAGATTTAGAGGATAGAGAACCAAACAAACAGGCAG 
GTCACCTACTCCAAGAGAAGAAATGGTTTGT 


4861 


ACAMCCATnCTTCTCTTGGAGTAGGTGACCTGCCTGTTTGTTTG 
GTTCTCTATCCTCTAAATCTGGATCTTCCCTCGAGCCATCGAACCA 
CTACCACTACTGCTCTTGTTTTCTTCTTC 


4862 


TCCAGATTIAGAGGATA 


4863 


TATCCTCTAAATCTGGA 


4864 


Male-sterile 
AP3 

Nicotiana tabacum 

Lys5Term 

AAG-TAG 


TCAGTMnCHMGATCTCAMCTTTGAGCAAAAAGAAAAAAAAAC 
TATGGCTCGTGGGTAGATCCAGATCAAGAGAATAGAGAACCAAAC 
AAACAGACAAGTCACTTATTCTAAGAGAA 


4865 


TTCTCTTAGMTMGTGACTTGTCTGTTTGTTTGGTTCTCTATTCTC 
TTGATCTGGATCTACCCACGAGCCATAG 1 1 1 1 1 1 1 1 1 CTTTTTGCTC 
AAAGTTTGAGATCTTAAGAATTACTGA 


4866 


CTCGTGGGIAGATCCAG 


4867 


CTGGATCTACCCACGAG 


4868 
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Male-sterile 
AP3 

Nicotiana tabacum 

Gln7Term 

CAG-TAG 


ATTCTTMGATCTCAAACTTTGAGCAAAAAGAAAAAAAAACTATGGC 
TCGTGGGAAGATCIAGATCAAGAGAATAGAGAACCAAACAAACAGA 
CAAGTCACTTATTCTAAGAGAAGAAATG 


4869 


CATncnCTCTTAGMTMGTGACTTGTCTGTTTGTTTGGTTCTCT 
ATTCTCTTGATCTAGATCTTCCCACGAGCCATAGI 1 1 1 1 1 1 1 ICTTT 
TTGCTCAAAGTTTGAGATCTTAAGAAT 


4870 


GGAAGATCTAGATCAAG 


4871 


CTTGATCTAGATCTTCC 


4872 


Male-sterile 
AP3 

Nicotiana tabacum 

Lys9Term 

AAG-TAG 


AAGATCTCAAACTTTGAGCAAAAAGAAAAAAAAACTATGGCTCGTG 

GGAAGATCCAGATCTAGAGAATAGAGAACCAAACAAACAGACAAGT 

CACTTATTCTAAGAGAAGAAATGGACTTT 


4873 


AMGTCCATTTCTTCTCTTAGAATAAGTGACTTGTCTGTTTGTTTGG 
TTCTCTATTCTCTAGATCTGGATCTTCCCACGAGCCATAGI 1 1 1 1 1 1 
TTCI 1 1 1 1 GCTCAAAGTTTGAGATCTT 


4874 


TCCAGATCTAGAGAATA 


4875 


TATTCTCTAGATCTGGA 


4876 


Male-sterile 
AP3 

Nicotiana tabacum 

ArglOTerm 

AGA-TGA 


ATCTCAAACTTTGAGCAAAAAGAAAAAAAAACTATGGCTCGTGGGA 
AGATCCAGATCAAGTGAATAGAGAACCAAACAAACAGACAAGTCAC 
TTATTCTAAGAGAAGAAATGGACTTTTCA 


4877 


TGAAMGTCCATTTCTTCTCTTAGMTAAGTGACTTGTCTGTTTGTT 
TGGTTCTCTATTCACTTGATCTGGATCTTCCCACGAGCCATAGTTT 
1 1 1 1 1 1 C 1 1 1 1 1 GCTCAAAGTTTGAGAT 


4878 


AGATCAAGTGAATAGAG 


4879 


CTCTATTCACTTGATCT 


4880 


Male-sterile 
AP3 

Medicago sativa 

Tyr21Term 

TAC-TAG 


UUG 1 UCiAUGAAAfJA 1 UCAGATCAAGAGAATAGAGAACACAACGAA 
CAGACAAGTAACTTAGTCAAAACGAAGGGATGGTCI 1 1 1 CAAGAAG 
GCCAATGAGCTCACTGTTCTTTGTGATGCT i 


4881 


AGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAGACCA 
TCCCTTCGTTTTGACTAAGTTACTTGTCTGTTCGTTGTGTTCTCTAT 
TCTCTTGATCTGGATCTTTCCTCGAGCC 


4882 


GTAACTTAGTCAAAACG 


4883 


CGTTTTGAC.TAAGTTAC 


4884 


Male-sterile 
AP3 

Medicago sativa 

Ser22Term 

TCA-TGA 


CTCGAGGAAAGATCCAGATCMGAGAATAGAGAACACAACGAACA 

GACMGTMCTTACTGAAAACGAAGGGATGGTCTTTTCAAGAAGGC 

CAATGAGCTCACTGTTCTTTGTGATGCTAA 


4885 


TTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAGAC 
CATCCCTTCGTTTTCAGTAAGTTACTTGTCTGTTCGTTGTGTTCTCT 
ATTCTCTTGATCTGGATCTTTCCTCGAG 


4886 


AACTTACTGAAAACGAA 


4887 


TTCGTTTTCAGTAAGTT 


4888 



WO 01/92512 



-77- 



PCT/US01/17672 



Male-sterile 
AP3 

Medicago sativa 

Lys23Term 

AAA-TAA 


CGAGGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACAGA 
CMGTMCnACTCATMCGMGGGATGGTCTTTTCAAGAAGGCCA 
ATGAGCTCACTGTTCTTTGTGATGCTAAGG 


4889 


CCTTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAG 
ACCATCCCTTCGTTATGAGTAAGTTACTTGTCTGTTCGTTGTGTTCT 
CTATTCTCTTGATCTGGATCTTTCCTCG 


4890 


CTTACTCATAACGAAGG 


4891 


CCTTCGTTATGAGTAAG 


4892 


Male-sterile 
AP3 

Medicago sativa 

Arg24Term 

CGA-TGA 


GGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACAGACAA 
GTAACTTACTCAAAATGAAGGGATGGTC 1 1 1 1 CAAGAAGGCCAATG 
AGCTCACTGTTCTTTGTGATGCTAAGGTTT 


4893 


AAACCTTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAA 
AAGACCATCCCTTCA 1 1 1 1 GAGTAAGTTACTTGTCTGTTCGTTGTGT 
TCTCTATTCTCTTGATCTGGATCTTTCC 


4894 


ACTCAAAATGAAGGGAT 


4895 


ATCCCTTCATTTTGAGT 


4896 


Male-sterile 
DEF4 

Solanum tuberosum 

Tyr21Term 

TAT-TAG 


GGCTCGTGGTAAGATCCAGA 1 CAAGAAAATAGAAAACCAAACAAAT 

AGGCAAGTGACTTAGTCAAAGAGAAGAAATGGGCTATTCAAGAAG 

GCTAATGAACTTACAGTTCTTTGTGATGCT 


4897 


AGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAATAGCCCA 
TnCTTCTCTTTGACTMGTCACnGCCTATTTGTnGGTTTTCTATT 
TTCTTGATCTGGATCTTACCACGAGCC 


4898 


GTGACTTAGTCAAAGAG 


4899 


CTCTTTGACTAAGTCAC 


4900 


Male-sterile 
DEF4 

Solanum tuberosum 

Ser22Term 

TCA-TGA 


CTCGTGGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAG 
GCAAGTGACTTATTGAAAGAGAAGAAATGGGCTATTCAAGAAGGCT 
AATGAACTTACAGTTCTTTGTGATGCTAA 


4901 


TTAGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAATAGCC 

I 

CATTTCnCTCTTTCMTMGTCACnGCCTATTTGTTTGG 1 1 1 ICTA 
1 1 1 1 CTTGATCTGGATCTTACCACGAG 


4902 


GACTTATTGAAAGAGAA 


4903 


TTCTCTTTCAATAAGTC 


4904 


Male-sterile 
DEF4 

Solanum tuberosum 

Lys23Term 

AAG-TAG 


CGTGGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAGGC 
AAGTGACTTATTCATAGAGAAGAAATGGGCTATTCAAGAAGGCTAA 
TGAACTTACAGTTCTTTGTGATGCTAAAG 


4905 


CTTTAGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAATAGC 
CCATnCTTCTCTATGMTMGTCACTTGCCTATTTGTTTGGTTTTC 
TA 1 1 1 1 CTTGATCTGGATCTTACCACG 


4906 


CTTATTCATAGAGAAGA 


4907 


TCTTCTCTATGAATAAG 


4908 
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Male-sterile 
DEF4 

Solanum tuberosum 

Arg24Term 

AGA-TGA 


GGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAGGCAAG 
TGACTTATTCAAAGTGAAGAAATGGGCTATTCAAGAAGGCTAATGA 
ACTTACAGTTCTTTGTGATGCTAAAGTTT 


4909 


AMCTTTAGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAAT 
AGCCCATTTCTTCACTTTGMTMGTCACnGCCTATTTGTTTGGTT 
TTCTAI 1 1 1 CTTGATCTGGATCTTACC 


4910 


ATTCAAAGTGAAGAAAT 


4911 


ATTTCTTCACTTTGAAT 


4912 


Male-sterile 
AP3 

Lycopersicon 
esculentum 
Gly27Term 
GGA-TGA 


GC1AATGAACI I AC I G 1 1 C 1 1 1 G I GATGCTAAAG 1 1 1 CAATTGTTAT 
GATTTCTAGTACTTGAAAACTTCATGAGTTTATAAGTCCCTCTATCA 
CGACCAAACAATTGTTCGATCTGTACC 


4913 


GGTACAGATCGAACAATTGTTTGGTCGTGATAGAGGGACTTATAAA 
CTCATGAAGI 1 1 1 CAAGTACTAGAAATCATAACAATTGAAACTTTAG 
CATCACAAAGAACAGTAAGTTCATTAGC 


4914 


CTAGTACTTGAAAACTT 


4915 


AAGTTTTCAAGTACTAG 


4916 


Male-sterile 
AP3 

Lycopersicon 
esculentum 
Lys28Term 
AAA-TAA 


MTGMCnACTGTTCTTTGTGATGCTAAAGTTTCAATTGTTATGAT 

TTCTAGTACTGGATAACTTCATGAGTTTATAAGTCCCTCTATCACGA 

CCAAACAATTGTTCGATCTGTACCAGA 


4917 


TCTGGTACAGATCGAACAATTGTTTGGTCGTGATAGAGGGACTTAT 
AAACTCATGAAGTTATCCAGTACTAGAAATCATAACAATTGAAACTT 
TAGCATCACAAAGAACAGTAAGnCATT 


4918 


GTACTGGATAACTTCAT 


4919 


ATGAAGTTATCCAGTAC 


4920 


Male-sterile 
AP3 

Lycopersicon 
esculentum 
Glu31Term 
GAG-TAG 


ACTGTTCTTTGTGATGCTAMGTTTCAATTGTTATGATTTCTAGTAC 

TGGAAAACTTCATTAGTTTATAAGTCCCTCTATCACGACCAAACAAT 

TGTTCGATCTGTACCAGAAGACTATTG 


4921 


CAATAGTCTTCTGGTACAGATCGAACAATTGTTTGGTCGTGATAGA 
GGGACTTATAAACTAATGAAG 1 1 1 1 CCAGTACTAGAAATCATAACAA 
TTGAAACTTTAGCATCACAAAGAACAGT 


4922 


AACTTCATTAGTTTATA 


4923 


TATAAACTAATGAAGTT 


4924 


Male-sterile 
AP3 

Lycopersicon 
esculentum 
Lys40Term 
AAA-TAA 


ATTGnATGATTTCTAGTACTGGAAAACTTCATGAGTTTATAAGTCC 
CTCTATCACGACCTAACAATTGTTCGATCTGTACCAGAAGACTATT 
GGAGTTGATATTTGGACTACTCACTATG 


4925 


CATAGTGAGTAGTCCAAATATCAACTCCAATAGTCTTCTGGTACAG 
ATCGAACAATTGTTAGGTCGTGATAGAGGGACTTATAAACTCATGA 
AGTTTTCCAGTACTAGAAATCATAACAAT 


4926 


TCACGACCTAACAATTG 


4927 


CAATTGTTAGGTCGTGA 


4928 



WO 01/92512 PCT/US01/17672 

-79- 



Male-sterile 
AP3 

Triticum aestivum 

Tyr21Term 

TAC-TAG 


GGGGCGGGGGAAGATTGAGATAAAGCGGATCGAGAACGCCACUA 
ACAGGCAGGTGACCTAGTCCAAGCGCCGGTCGGGGATCATGAAG 
AAGGCGCGGGAGCTCACCGTGCTCTGCGACGCC 


4929 


GGCGTCGCAGAGCACGGTGAGCTCCCGCGCCTTCTTCATGATCC 
CCGACCGGCGCTTGGACTAGGTCACCTGCCTGTTGGTGGCGTTC 
TCGATCCGCTTTATCTCAATCTTCCCCCGCCCC i 


4930 


GTGACCTAGTCCAAGCG 


4931 


CGCTTGGACTAGGTCAC 


4932 


Male-sterile 

IVIUiw w kw 1 llw 

AP3 

Triticum aestivum 

Lys23Term 

AAG-TAG 


CGGGGGAAGATTGAGATAAAGCGGATCGAGAACGCCACCAACAG 
GCAGGTGACCTACTCCTAGCGCCGGTCGGGGATCATGAAGAAGG 
CGCGGGAGCTCACCGTGCTCTGCGACGCCCAGG 


4933 


CCTGGGCGTCGCAGAGCACGGTGAGCTCCCGCGCCTTCTTCATG 
ATCCCCGACCGGCGCTAGGAGTAGGTCACCTGCCTGTTGGTGGC 
GTTCTCGATCCGCTTTATCTCAATCTTCCCCCG 


4934 


CCTACTCCIAGCGCCGG 


4935 


CCGGCGCTAGGAGTAGG 


4936 


Male-sterile 
AP3 

Triticum aestivum 

Ser26Term 

TCG-TAG 


TTGAGATAAAGCGGATCGAGAACGCCACCAACAGGCAGGTGACCT 
ACTCCAAGCGCCGGTAGGGGATCATGAAGAAGGCGCGGGAGCTC 
ACCGTGCTCTGCGACGCCCAGGTCGCCATCAT 


4937 


ATGATGGCGACCTGGGCGTCGCAGAGCACGGTGAGCTCCCGCGC 

CTTCTTCATGATCCCCTACCGGCGCTTGGAGTAGGTCACCTGCCT 

GTTGGTGGCGTTCTCGATCCGCTTTATCTCAA 


4938 


GCGCCGGTAGGGGATCA 


4939 


TGATCCCCTACCGGCGC 


4940 


Male-sterile 
AP3 

Triticum aestivum 

Lys30Term 

AAG-TAG 


CGGATCGAGAACGCCACCAACAGGCAGGTGACCTACTCCAAGCG 
CCGGTCGGGGATCATGTAGAAGGCGCGGGAGCTCACCGTGCTCT 
GCGACGCCCAGGTCGCCATCATCATGTTCTCCT 


4941 


AGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACGGTG 
AGCTCCCGCGCCTTCTACATGATCCCCGACCGGCGCTTGGAGTA 
GGTCACCTGCCTGTTGGTGGCGTTCTCGATCCG 


4942 


GGATCATGIAGAAGGCG 


4943 


CGCCTTCTACATGATCC 


4944 


Male-sterile 
Silkyi 
Zea mays 
Tyr21Term 
TAC-TAG 


GGGGCGCGGCAAGATCGAGATCAAGCGGATCGAGAACGCCACCA 
ACCGCCAGGTGACCTAGTCCAAGCGCCGGACGGGGATCATGAAG 
AAGGCACGCGAGCTCACCGTGCTCTGCGACGCC 


4945 


GGCGTCGCAGAGCACGGTGAGCTCGCGTGCCTTCTTCATGATCC 
CCGTCCGGCGCTTGGACTAGGTCACCTGGCGGTTGGTGGCGTTC 
TCGATCCGCTTGATCTCGATCTTGCCGCGCCCC 


4946 


GTGACCTAGTCCAAGCG 


4947 


CGCTTGGACTAGGTCAC 


4948 
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Male-sterile 
Silkyi 
Zea mays 
Lys23Term 
AAG-TAG 


CGCGGCAAGATCGAGATCAAGCGGATCGAGAACGCCACCAACCG 
CCAGGTGACCTACTCCTAGCGCCGGACGGGGATCATGAAGAAGG 
CACGCGAGCTCACCGTGCTCTGCGACGCCCAGG 


4949 


CCTGGGCGTCGCAGAGCACGGTGAGCTCGCGTGCCTTCTTCATG 
ATCCCCGTCCGGCGCTAGGAGTAGGTCACCTGGCGGTTGGTGGC 
GTTCTCGATCCGCTTGATCTCGATCTTGCCGCG 


4950 


CCTACTCCTAGCGCCGG 


4951 


CCGGCGCTAGGAGTAGG 


4952 


Male-sterile 
Silkyi 
Zea mays 
Lys30Term 
AAG-TAG 


CGGATCGAGAACGCCACCAACCGCCAGGTGACCTACTCCAAGCG 
CCGGACGGGGATCATGTAGAAGGCACGCGAGCTCACCGTGCTCT 
GCGACGCCCAGGTCGCCATCATCATGTTCTCCT 


4953 


AGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACGGTG 
AGCTCGCGTGCCTTCTACATGATCCCCGTCCGGCGCTTGGAGTAG 
GTCACCTGGCGGTTGGTGGCGTTCTCGATCCG 


4954 


GGATCATGIAGAAGGCA 


4955 


TGCCTTCTACATGATCC 


4956 


Male-sterile 
Silkyi 
Zea mays 
Lys31Term 
AAG-TAG 


ATCGAGAACGCCACCAACCGCCAGGTGACCTACTCCAAGCGCCG 
GACGGGGATCATGAAGTAGGCACGCGAGCTCACCGTGCTCTGCG 
ACGCCCAGGTCGCCATCATCATGTTCTCCTCCA 


4957 


TGGAGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACG 
GTGAGCTCGCGTGCCTACTTCATGATCCCCGTCCGGCGCTTGGA 
GTAGGTCACCTGGCGGTTGGTGGCGTTCTCGAT 


4958 


TCATGAAGTAGGCACGC 


4959 


GCGTGCCTACTTCATGA 


4960 


Male-sterile 
AP3 

Oryza sativa 

Lys5Term 

AAG-TAG 


GCTAGCTGCATTGTCCGGCGAGAGAGATAGCTGCTGCAGGGGGC 
GGCCATGGGGAGGGGCTAGATCGAGATCAAGCGGATCGAGAACG 
CGACCAACAGGCAGGTGACCTACTCGAAGCGCC 


4961 


GGCGCTTCGAGTAGGTCACCTGCCTGTTGGTCGCGTTCTCGATCC 

GCTTGATCTCGATCTAGCCCCTCCCCATGGCCGCCCCCTGCAGC 

AGCTATCTCTCTCGCCGGACAATGCAGCTAGC 


4962 


GGAGGGGCTAGATCGAG 


4963 


CTCGATCTAGCCCCTCC 


4964 


Male-sterile 
AP3 

Oryza sativa 

Glu7Term 

GAG-TAG 


TGCATTGTCCGGCGAGAGAGATAGCTGCTGCAGGGGGCGGCCAT 
GGGGAGGGGCAAGATCTAGATCAAGCGGATCGAGAACGCGACCA 
ACAGGCAGGTGACCTACTCGAAGCGCCGCACGG 


4965 


CCGTGCGGCGCTTCGAGTAGGTCACCTGCCTGTTGGTCGCGTTCT 
CGATCCGCTTGATCTAGATCTTGCCCCTCCCCATGGCCGCCCCCT 
GCAGCAGCTATCTCTCTCGCCGGACAATGCA 


4966 


GCAAGATCTAGATCAAG 


4967 


CTTGATCTAGATCTTGC 


4968 
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Male-sterile 
AP3 

Oryza sativa 


GTCCGGCGAGAGAGATAGCTGCTGCAGGGGGCGGCCATGGGGA 
GGGGCAAGATCGAGATCTAGCGGATCGAGAACGCGACCAACAGG 
CAGGTGACCTACTCGAAGCGCCGCACGGGGATCA 


4969 


Lys9Term 
AAG-TAG 


TGATCCCCGTGCGGCGCTTCGAGTAGGTCACCTGCCTGTTGGTC 

GCGTTCTCGATCCGCTAGATCTCGATCTTGCCCCTCCCCATGGCC 

GCCCCCTGCAGCAGCTATCTCTCTCGCCGGAC 


4970 




TCGAGATCIAGCGGATC 


4971 




GATCCGCTAGATCTCGA 


4972 


Male-sterile 
AP3 

Oryza sativa 


GAGAGATAGCTGCTGCAGGGGGCGGCCATGGGGAGGGGCAAGA 

TCGAGATCAAGCGGATCTAGAACGCGACCAACAGGCAGGTGACCT 

ACTCGAAGCGCCGCACGGGGATCATGAAGAAGG 


4973 


Glu12Term 
GAG-TAG 


CCTTCTTCATGATCCCCGTGCGGCGCTTCGAGTAGGTCACCTGCC 

TGTTGGTCGCGTTCTAGATCCGCTTGATCTCGATCTTGCCCCTCC 

CCATGGCCGCCCCCTGCAGCAGCTATCTCTC 


4974 




AGCGGATCIAGAACGCG 


4975 




CGCGTTCTAGATCCGCT 


4976 ! 


Table 15 

Oligonucleotides to produce male-sterile plants 


Phenotype, Gene, 
Plants Targeted 
Alteration 


Altering Ollgos 


. : . ; : : : : : : : : : : : : : : : : : : :-: : : : ;v 

SEQID 

NO: 


Male-sterile 
AG 

Arabidopsis ihaliana 


ICIGIACIAAICAAAI 1 1 IGUXIAAACUI 1 1 1 IGGCI 1 IGGAGCA 
GCAATCACGGCGTAGCAATCGGAGCTAGGAGGAGATTCCTCTCC 
CTTGAGGAAATCTGGGAGAGGAAAGATCGAA 


; 4977 


Tyr35Term 
TAC-TAG 


TTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAATCTCCT 
CCTAGCTCCGATTGCTACGCCGTGATTGCTGCTCCAAAGCCAAAA 
ACGTTTAGGGCAAAATTTGATTAGTACAGA 


,4978 




ACGGCGTAGCAATCGGA 


4979 




TCCGATTGCTACGCCGT 


4980 


Male-sterile 
AG 

Arabidopsis thaliana 


CIUIACIAAICAAAI 1 1 IGCCCIAAAGGI 1 1 1 IGGCI 1 IGGAGCAG 
CAATCACGGCGTACTAATCGGAGCTAGGAGGAGATTCCTCTCCCT 
TGAGGAAATCTGGGAGAGGAAAGATCGAAA 


4981 


Gln36Term 
CAA-TAA 


TTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAATCTCC 
TCCTAGCTCCGATTAGTACGCCGTGATTGCTGCTCCAAAGCCAAA 
AACGTTTAGGGCAAAATTTGATTAGTACAG 


4982 




CGGCGTACIAATCGGAG 


4983 




CTCCGATTAGTACGCCG 


4984 
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1 ' 

Phenotype, Gene, 
-Plants Targeted]: 

• ; : MltePattOn^:; ; x : ; 


• • 


SEQID 

NO; 


Altering Oligos 


IV/dlc-olcfllc 

AG 

Arabidopsis thaliana 


A PT A A TP AAA 1 1 1 1 P. P PPT A A A P P 11 1 1 1 P^PTTTP A P P A PP A AT 
AO 1 MM 1 UMMM N M bUUU 1 MMMUO If III buu 1 1 1 IJbMobAbbAA 1 

CACGGCGTACCAATAGGAGCTAGGAGGAGATTCCTCTCCCTTGA 
GGAAATCTGGGAGAGGAAAGATCGAAATCAA 




Qar^TTorm 
OcTO/ 1 cim 

TCG-TAG 


1 IbAI 1 ILbAIbi 1 IbLlblbbbAbAI 1 IbblbAAbbbAbAbbAAl 

CTCCTCCTAGCTCCTATTGGTACGCCGTGATTGCTGCTCCAAAGC 
CAAAAACGTTTAGGGCAAAATTTGATTAGT 


AC\Q£ 

498o 




PTA A ATAPr* A PPT A P 

b 1 AbbAA 1 AbbAbb I Ab 


4987 




PTAPPTPPTATTPPT A P 

b 1 AbU 1 bbTA 1 1 bb 1 Ab 


/noo 
4988 


iviaie-sienie 
AG 

Arabidopsis thaliana 


T A ATP A A A 1 1 1 1 PPPPTA A A PP Mill PPP 1 1 1 PP A PP A PP A ATP A 

1 AA 1 bAAA till bbbb 1 AAAbb 1 1 1 1 1 bbb 1 1 1 bbAbbAbbAA 1 OA 

CGGCGTACCAATCGTAGCTAGGAGGAGATTCCTCTCCCTTGAGGA 
AATCTGGGAGAGGAAAGATCGAAATCAAAC 




biuoo t erm 
GAG-TAG 


bll IbAI 1 1 CbATb 1 1 1 bbToTLbCAGA 1 1 1 CCTbAAbbGAGAGGA 

ATCTCCTCCTAGCTACGATTGGTACGCCGTGATTGCTGCTCCAAA 

GCCAAAAACGTTTAGGGCAAAATTTGATTA 


Aor.A 

4990 




A pp A ATPPTAPPTAPPA 

AbbMTbbTAGCTAGGA 


Ann* 

4991 




TPPT A POTA PP ATTPPT 

TbbTAbCTACGATTGGT 


Anno 

4992 


Maie-steme 
AG 

Brassica napus 


PTOTPPP A PTTPTTTTPPPTPPTTT ATTP ATTTPPTP A PP AX A TP A 

b 1 b 1 bbbAb 1 1 b J 1 1 1 bbb 1 .bb II 1 A 1 1 LA 1 1 1 bb 1 bAbbA 1 A 1 LA 

CAGAAGCAATGGATTAAGGTGGGAGTAGTCACGATGCAGAGAGTA 
GCAAGAAGATAGGTAGAGGGAAGATAGAGA 


49yo 


Ph iQTarm 

GAA-TAA 


TOTCTATOTTCCCTCTACCTATCTTCTTGCTACTCTCTGCATCGTG 
ACTACTCCCACCTTAATCCATTGCTTCTGTGATATCGTCACCAAAT 
GAATAAACCACCGAAAAGAAGTGGGAGAG 


4994 




PA ATPP ATT A A PPTPPP 

bAA 1 bbA 1 TAAbb 1 bbb 


Anne 

4995 




PPP APPTTA ATPP ATTP 

bbbAbbl lAAlbbAI lb 


Anne 

4996 


Male-sterile 
AG 

Brassica napus 


TATTCATTTGGTGACGATATCACAGAAGCAATGGATGAAGGTGGG 

AGTAGTCACGATGCATAGAGTAGCAAGAAGATAGGTAGAGGGAAG 

ATAGAGATAAAGAGGATAGAGAACACAACAA 


4997 


Pin*! ITorm 

bill 1 1 1 cim 

GAG-TAG 


1 1 b 1 1 b 1 b 1 TbTbl Al bb 1 bll FATCTCTATC H CCCTCTACCTATC 
TTCTTGCTACTCTATGCATCGTGACTACTCCCACCTTCATCCATTG 
CTTCTGTGATATCGTCACCAAATGAATA 


Anno 

4998 




A PP ATPP AT A P A PT A PP 

AbbA 1 bbAJAbAb 1 Abu 


Annn 
4999 




PPT A PTPT ATPP ATPPT 
bb I Ab 1 b I A 1 bbA 1 bb I 


ennn 
5000 


iviaie-sienie 
AG 

Brassica napus 


O.PTP A PP ATATP APAP A APP A ATPP ATP A APPTPPP APT APTP A 
ob 1 bAbvjA 1 A 1 bAbAvjAAobAA 1 bbA 1 bAAbb 1 bbbAb 1 Ab 1 bA 

CGATGCAGAGAGTAGCTAGAAGATAGGTAGAGGGAAGATAGAGAT 
AAAGAGGATAGAGAACACAACAAATCGTCAAG 


corn 


Lys14Term 
AAG-TAG 


CTTGACGATTTGTTGTGTTCTCTATCCTCTTTATCTCTATCTTCCCT 
CTACCTATCTTCTAGCTACTCTCTGCATCGTGACTACTCCCACCTT 
CATCCATTGCTTCTGTGATATCGTCACC 


5002 




AGAGTAGCTAGAAGATA 


5003 




TATCTTCTAGCTACTCT 


5004 
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Plant fit Targeted 
Alteration 


• < Attenng uiigos 
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SEQID 

NO: 


Male-sterile 
AG 

Brassies napus 


GACGATATCACAGAAGCAATGGATGAAGGTGGGAGTAGTCACGAT 
GCAGAGAGTAGCAAGTAGATAGGTAGAGGGAAGATAGAGATAAAG 
AGGATAGAGAACACAACAAATCGTCAAGTAA 


5005 


Lys15Term 
AAG-TAG 


nACTTGACGATTTGTTGTGTTCTCTATCCTCTTTATCTCTATCTTC 

CCTCTACCTATCTACTTGCTACTCTCTGCATCGTGACTACTCCCAC 

CTTCATCCATTGCTTCTGTGATATCGTC 


5006 




GTAGCAAGTAGATAGGT i 


5007 




ACCTATCTACTTGCTAC 


5008 


Male-sterile 
AG 

Lycopersicon 


CMCCAAAAMCTTAAAMTCTTCTCTTTCCTTTCCTTACAAGGTGA 
AGTAATGGACTTCTAAAGTGATCTAACCAGAGAGATCTCACCACAA 
AGGAAACTAGGAAGGGGGAAAATTGAGA 


5009 


esculentum 

Glu4Term 

CAA-TAA 


ICICAAI 1 1 ICCCCCI ICCIAGI 1 1 CCTTTG 1 GG 1 GAGATCTCTCT 
GGTTAGATCACTTTAGAAGTCCATTACTTCACCTTGTAAGGAAAGG 
AAAGAGAAGA 1 1 1 1 IAAGI 1 1 1 1 IGGTTG 


5010 




TGGACTTCTAAAGTGAT 


5011 




ATCACTTTAGAAGTCCA 


5012 


Male-sterile 
AG 

Lycopersicon 


AAAATCTTCTCTTTCCTTTCCTTACAAGGTGAAGTAATGGACTTCC 
AAAGTGATCTAACCTGAGAGATCTCACCACAAAGGAAACTAGGAA 
GGGGGAAAATTGAGATCAAAAGGATCGAAA 


5013 


esculentum 


1 1 ICGAICCI 1 1 IGAICICAAI 1 1 ICCCCCI ICCIAGI 1 ICCI 1 IGI 


5014 


Arg9Term 
AGA-TGA 


GGTGAGATCTCTCAGGTTAGATCACTTTGGAAGTCCATTACTTCAC 
CTTGTAAGGAAAGGAAAGAGAAGA 1 1 1 1 






ATCTAACCIGAGAGATC 


5015 




GATCTCTCAGGTTAGAT 


5016 


Male-sterile 
AG 

Lycopersicon 


ATCTTCTCTTTCCTTTCCTTACAAGGTGAAGTAATGGACTTCCAAA 
GTGATCTAACCAGATAGATCTCACCACAAAGGAAACTAGGAAGGG 
GGAAAATTGAGATCAAAAGGATCGAAAACA 


5017 


esculentum 
GlulOTerm 
GAG-TAG 


TGTTnCGATCCTTTTGATCTCMTTTTCCCCCTTCCTAGTTTCCTT 
TGTGGTGAGATCTATCTGGTTAGATCACTTTGGAAGTCCATTACTT 
CACCTTGTAAGGAAAGGAAAGAGAAGAT 


5018 




TAACCAGATAGATCTCA 


5019 




TGAGATCTATCTGGTTA 


5020 


Male-sterile 
AG 

Lycopersicon 


CTTTCCTTTCCTTACAAGGTGAAGTAATGGACTTCCAMGTGATCT 
AACCAGAGAGATCTGACCACAAAGGAAACTAGGAAGGGGGAAAAT 
TGAGATCAAAAGGATCGAAAACACGACGAA 


5021 


esculentum 
Ser12Term 
TCA-TGA 


1 ICGICGIGI 1 1 ICGAICCI 1 1 IGAICICAAI 1 1 ICCCCCI ICCIA 

GTTTCCTTTGTGGTCAGATCTCTCTGGTTAGATCACTTTGGAAGTC 

CATTACTTCACCTTGTAAGGAAAGGAAAG 


5022 




AGAGATCTGACCACAAA 


5023 
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Ph rxHrn r 

Alteration 


- 

:ti&| W:§M&^ i Altering Oligos mm % WiMm^ 


< 

SEQID 
NO; 




TTTGTGGTCAGATCTCT 


5024 


Male-sterile 
NAG1 

Nicotiana tabacum 

Gln4Term 

CAA-TAA 


GTACTCTCTATTrTCATCnCCAACCCTTTCTTTCCTTACCAGGTGA 
AAGTATGGACTTCTAAAGTGATCTAACAAGAGAGATCTCTCCACAA 
AGGAAACTGGGAAGAGGAAAGATTGAGA 


5025 


TCTCMTCTTTCCTCTTCCCAGTTTCCTTTGTGGAGAGATCTCTCT 
TGTTAGATCACTTTAGAAGTCCATACTTTCACCTGGTAAGGAAAGA 
AAGGGTTGGAAGATGAAAATAGAGAGTAC 


5026 


TGGACTTCTAAAGTGAT 


5027 


ATCACTTTAGAAGTCCA 


j 5028 


Male-sterile 

1 ¥ 1 L4JV WlWl IIV 

NAG1 

Nicotiana tabacum 

Arg9Term 

AGA-TGA 


ATCnCCMCCCTTTCTTTCCTTACCAGGTGAAAGTATGGACTTCC 
AAAGTGATCTAACATGAGAGATCTCTCCACAAAGGAAACTGGGAA 
GAGGAAAGATTGAGATCAAACGGATCGAAA 


5029 


TTTCGATCCGTTTGATCTCMTCTTTCCTCTTCCCAGTTTCCTTTGT 
GGAGAGATCTCTCATGTTAGATCACTTTGGAAGTCCATACTTTCAC 
CTGGTAAGGAAAGAAAGGGTTGGAAGAT 


5030 


ATCTAACAIGAGAGATC 


5031 


GATCTCTCATGTTAGAT 


5032 


Male-sterile 
NAG1 

Nicotiana tabacum 

GlulOTerm 

GAG-TAG 


TTCCMCCCTTTCTTTCCTTACCAGGTGAAAGTATGGACTTCCAAA 
GTGATCTAACAAGATAGATCTCTCCACAAAGGAAACTGGGAAGAG 
GAAAGATTGAGATCAAACGGATCGAAAACA 


5033 


IGI 1 1 ICGAICCGI 1 IGAICICAATCI 1 ICCICITCCCAGI 1 ICCTT 
TGTGGAGAGATCTATCTTGTTAGATCACTTTGGAAGTCCATACTTT 
CACCTGGTAAGGAAAGAAAGGGTTGGAA 


5034 


TAACAAGAIAGATCTCT 


5035 


AGAGATCTATCTTGTTA 


5036 


Male-sterile 
NAG1 

Nicotiana tabacum 

Gln14Term 

CAA-TAA 


CTTTCCTTACCAGGTGAAAGTATGGACTTCCAAAGTGATCTAACAA 
GAGAGATCTCTCCATAAAGGAAACTGGGAAGAGGAAAGATTGAGA 
TCAAACGGATCGAAAACACAACGAATCGTC 


5037 


GACGATTCGTTGTGI 1 1 ICGATCCG'1 1 rGATCTCAATCTTTCCTCT 
TCCCAGTnCCTTTATGGAGAGATCTCTCTTGTTAGATCACTTTGG 
AAGTCCATACTTTCACCTGGTAAGGAAAG 


5038 


TCTCTCCAIAAAGGAAA 


5039 ; 


TTTCCTTTATGGAGAGA 


5040 


Male-sterile 
AG 

Rosahybrida 

Gly22Term 

GGA-TGA 


GCCTATGAAAACAAACCCAACACGGTCCTGGACGCTGATGCCCAA 
AGAAGATTGGGAAGGTGAAAGATCGAGATCAAGCGGATCGAAAAC 
ACCACCAATCGTCAAGTCACCTTCTGCAAAA 


5041 


TTTTGCAGAAGGTGACTTGACGATTGGTGGTGTTTTCGATCCGCT 

TGATCTCGATCTTTCACCTTCCCAATCTTCTTTGGGCATCAGCGTC 

CAGGACCGTGTTGGGTTTGTTTTCATAGGC 


5042 


TGGGAAGGTGAAAGATC 


5043 


GATCTTTCACCTTCCCA 


5044 
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Phenotype,Gene, 
Rant & Targeted 
Alteration 




1 


SEQID 

' NO: 


iViaic olci iig 

AG 

Rosa hybrida 

Lys23Term 

AAG-TAG 


TATGAAAACAAACCCAACACGGTCCTGGACGCTGATGCCCAAAGA 

AGATTGGGAAGGGGATAGATCGAGATCAAGCGGATCGAAAACAC 

CACCAATCGTCAAGTCACCTTCTGCAAAAGGC 


5045 


GCCI 1 1 IGCAGAAGGIGACI 1 GACGATTGGTGGTGTTTTCGATCC 

a TATA y> A TAX Jt TAAAATTAAA A A T^"fT^TTT^/^^ A A A f^f^ 

GCnGATCTCGATCTATCCCCnCCCMTCTTCTTTGGGCATC 
GTCCAGGACCGTGTTGGGTTTGI 1 1 ICATA 


5046 


GAAGGGGATAGATCGAG 


5047 


CTCGATCTATCCCCTTC 


5048 


Male-sterile 
AG 

Rosa hybrida 

Glu25Term 

GAG-TAG 


AACAAACCCAACACGGTCCTGGACGCTGATGCCCAAAGAAGATTG 
GGAAGGGGAAAGATCTAGATCAAGCGGATCGAAAACACCACCAAT 
CGTCAAGTCACCTTCTGCAAAAGGCGCAATG 


5049 


CATTGCGCCI 1 1 1 GCAGAAGGTGACTTGACGATTGGTGGTGTTTT 

CGATCCGCTTGATCTAGATCTTTCCCCTTCCCAATCTTCTTTGGGC 

ATCAGCGTCCAGGACCGTGTTGGGTTTGTT 


5050 


GAAAGATCIAGATCAAG 


5051 


CTTGATCTAGATCTTTC 


5052 


Male-sterile 
AG 

Rosa hybrida 

Lys27 

AAG-TAG 


CCCMCACGGTCCTGGACGCTGATGCCCAAAGAAGATTGGGAAG 

GGGAAAGATCGAGATCTAGCGGATCGAAAACACCACCAATCGTCA 

AGTCACCTTCTGCAAAAGGCGCAATGGTTTGC 


5053 


GCAAACCAnGCGCCTTTTGCAGAAGGTGACTTGACGATTGGTGG 
TGTTTTCGATCCGCTAGATCTCGATCTTTCCCCTTCCCAATCTTCT 
TTGGGCATCAGCGTCCAGGACCGTGTTGGG 


5054 


TCGAGATCTAGCGGATC 


5055 


GATCCGCTAGATCTCGA 


5056 


Male-sterile 
far 

Antirrhinum majus 

Gln7Term 

CAA-TAA 


CAATTGCCTG 1 1 1 1 1 Al 1 1 1 1 1 1 ICI 1 1 1 1 GACTAAGTAGAAATGGC 

GTCTCTAAGCGATTAATCGACCGAGGTATCGCCCGAGAGGAAAAT 

CGGGAGAGGAAAGATCGAGAT.CAAACGGA 


5057 


TCCGTTTGATCTCGATCTTTCCTCTCCCGATTTTCCTCTCGGGCGA 
TACCTCGGTCGATTAATCGCTTAGAGACGCCATTTCTACTTAGTCA 
AAAAGAAAAAAAATAAAAACAGGCAATTG 


5058 


TAAGCGATTAATCGACC 


5059 


GGTCGATTAATCGCTTA 


5060 


Male-sterile 
far 

Antirrhinum majus 

GlulOTerm 

GAG-TAG 


Gl 1 1 1 IAI 1 1 1 1 1 1 ICI 1 1 1 1 GACTAAGTAGAAATGGCGTCTCTAAG 
CGATCAATCGACCIAGGTATCGCCCGAGAGGAAAATCGGGAGAG 
GAAAGATCGAGATCAAACGGATCGAAAACA 


5061 


IGI 1 1 ICGAICCGI 1 IGAICICGAICI 1 ICCICICCCGAI 1 1 ICCI 

CTCGGGCGATACCTAGGTCGATTGATCGCTTAGAGACGCCATTTC 

TACTTAGTCAAAAAGAAAAAAAATAAAAAC 


5062 


AATCGACCIAGGTATCG 


5063 


CGATACCTAGGTCGATT 


5064 



WO 01/92512 
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Rheootype, Qene, 
. Plant & Targeted • 
deration 


, Altering 

• 


OUgos : : 


• - 

SEQID 

::npci 


Male-sterile 
far 

Antirrhinum majus 

Glu14Term 

GAG-TAG 


TTTCI 1 1 1 IGACTAAGTAGAAATGGCGTCTCTAAGCGATCAATCGA 
CCGAGGTATCGCCCTAGAGGAAAATCGGGAGAGGAAAGATCGAG 
ATCAAACGGATCGAAAACAAAACAAATCAAC 


5065 


GnGATnGTTTTGTTTTCGATCCGTTTGATCTCGATC7TTCCTCTC 

A 1 1 1 1 PfTPTA dP.f2PP. AT A mf^f^fTTCfi ATTf* ATfYY^TT A P A 

GACGCCATTTCTACTTAGTCAAAAAGAAA 


5066 


TATCGCCCTAGAGGAAA 


5067 


TTTCCTCTAGGGCGATA 


5068 


Male-sterile 
far 

Antirrhinum majus 

Lys16Term 

AAA-TAA 


rn'GAU 1 AAGTAGAAATGGCGTCTCTAAGCGATCAATCGACCGAG 
GTATCGCCCGAGAGGTAAATCGGGAGAGGAAAGATCGAGATCAA 
ACGGATCGAAAACAAAACAAATCAACAGGTTA 


5069 


IAACCIGI IGAI 1 IGI 1 1 IGI 1 1 ICGAICCGI 1 IGAICICGAICI 1 1 
f^TPTYYW^ ATTT a r k f v iT v iTW % fw % at a f s f*Tf*rT , Tr*r* att/^ atpi"" 

CTTAGAGACGCCATTTCTACTTAGTCAAA 


5070 


CCGAGAGGTAAATCGGG 


5071 


CCCGATTTACCTCTCGG 


5072 


Male-sterile 
AG 

Cucumis sativus 

Leu21Term 

TTG-TAG 


TGTCCAAGCATTATCAGTCACCACTCACAAGAATGATTAAGGAAGA 
AGGAAAGGGTAAGTAGCAAATAAAGGGGATGnCCAGAATCAAGA 
AGAGAAGATGTCAGACTCGCCTCAGAGGAA 


5073 


TTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATTCTGGAACA 

TP PPP 1 1 1 AMI PPT A PTT A PPP IMP PTTPTTP PTT A A TP A TTPTT 

1 OOOO 1 1 1 A 1 1 1 oOiAO 1 1 AOOO 1 1 1 00 MUM 00 1 1 AA 1 OA 11011 
GTGAGTGGTGACTGATAATGfnTGGAPA 


5074 


GGGTAAGTAGCAAATAA 


5075 


TTATTTGCIACTTACCC 


5076 


Malp-^tprilp 

IVICllw OlVl llw 

AG 

Cucumis sativus 

Gln22Term 

CAA-TAA 


TCCAAGCATTATCAGTCACCACTCACAAGAATGATTAAGGAAGAAG 

GAAAGGGTAAGTrGIAAATAAAGGGGATGTTCCAGAATCAAGAAG 

AGAAGATGTCAGACTCGCCTCAGAGGAAGA 


RH77 
QUI / 


TCTTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATTCTGGAA 

PATPPPPI MAM 1" APAAPTTAPPP 1 1 1 PPTTPTTPPTTA ATPATTP 
UA I LfUUVy MIAMI AOAAO 1 1 AOOO 1 1 1 OO MUM OO 1 1 AA 1 OA 1 1 0 

TTGTGAGTGGTGACTGATAATGCTTGGA 


5078 


GTAAGTTGIAAATAAAG 


5079 


CTTTATTTACAACTTAC 


5080 


Male-sterile 
AG 

Cucumis sativus 

Lys24Term 

AAG-TAG 


CATTATCAGTCACCACTCACAAGAATGATTAAGGAAGAAGGAAAG 
GGTAAGTTGCAAATATAGGGGATGTTCCAGAATCAAGAAGAGAAG 
ATGTCAGACTCGCCTCAGAGGAAGATGGGAA 


5081 


TTCCCATCTTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATT 
CTGGMCATCCCCTATATTTGCAACTTACCCTTTCCTTCTTCCTTA 
ATCATTCTTGTGAGTGGTGACTGATAATG 


5082 


TGCAAATATAGGGGATG 


5083 


CATCCCCTATATTTGCA 


5084 
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Phenotype, Gene, 


- 

< ■ 

< • - 


SEQID ; 


r\m% $ \ argetoa 

•: : 'Alteration ; 


Altering oiigos 

. , " • • ; 


NO: 


Male-sterile 
AG 

Cucumis sativus 


CCACTCACMGAATGATTAAGGAAGAAGGAMGGGTAAGTTGCM 
ATAAAGGGGATGTTCTAGAATCAAGAAGAGAAGATGTCAGACTCG 
CCTCAGAGGAAGATGGGAAGAGGAAAGATTG 


5085 


Gln28Term 
CAG-TAG 


CAATCTTTCCTCTTCCCATCTTCCTCTGAGGCGAGTCTGACATCTT 
CTCTTCTTGATTCTAGMCATCCCCTTTATTTGCAACTTACCCTTTC 
CTTCTTCCTTAATCATTCTTGTGAGTGG 


5086 




GGATGTTCTAGAATCAA 


5087 




TTGATTCTAGAACATCC 


5088 


Male-sterile 
AG 

Zea mays 


CCACCACCACCACCACCACCACCACCACACCATGCTCAACATGAT 
GACTGATCTGAGCTGAGGGCCGTCGTCCAAGGTCAAGGAGCAGG 
TGGCGGCGGCGCCGACGGGCTCCGGCGACAGG 


5089 


CyslOTerm 
TGC-TGA 


CCTGTCGCCGGAGCCCGTCGGCGCCGCCGCCACCTGCTCCTTG 

ACCTTGGACGACGGCCCTCAGCTCAGATCAGTCATCATGTTGAGC 

ATGGTGTGGTGGTGGTGGTGGTGGTGGTGGTGG 


5090 




CTGAGCTGAGGGCCGTC 


5091 




GACGGCCCTCAGCTCAG 


5092 


Malp-ctprilft 

IVIdlC OLCI IIC 

AG 

Zea mays 


TGAGCTGCGGGCCGTAGTCCAAGGTCAAGGAGCAGGTGGCGGC 
GGCGCCGACGGGCTCCGGCGACAGGCAGGGGCA 


5093 


Ser13Term 
TCG-TAG 


TGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGCCGCCGCCACCT 
GCTCCTTGACCTTGGACTACGGCCCGCAGCTCAGATCAGTCATCA 
TGTTGAGCATGGTGTGGTGGTGGTGGTGGTGGT 


5094 




CGGGCCGTAGTCCAAGG 


5095 




CCTTGGACTACGGCCCG 


5096 


Male-sterile 
AG 

Zea mays 


CACCACCACCACCACACCATGCTCAACATGATGACTGATCTGAGC 
TGCGGGCCGTCGTCCTAGGTCAAGGAGCAGGTGGCGGCGGCGC 
CGACGGGCTCCGGCGACAGGCAGGGGCAGGGGA 


5097 


Lys15Term 
AAG-TAG 


TCCCCTGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGCCGCCGC 
CACCTGCTCCTTGACCTAGGACGACGGCCCGCAGCTCAGATCAG 
TCATCATGTTGAGCATGGTGTGGTGGTGGTGGTG 


5098 




CGTCGTCCTAGGTCAAG 


5099 




CTTGACCTAGGACGACG 


5100 


Male-sterile 
AG 

Zea mays 


CACCACCACACCATGCTCAACATGATGACTGATCTGAGCTGCGGG 
CCGTCGTCCAAGGTCTAGGAGCAGGTGGCGGCGGCGCCGACGG 
GCTCCGGCGACAGGCAGGGGCAGGGGAGAGGCA 


5101 


Lys17Term 
AAG-TAG 


TGCCTCTCCCCTGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGC 

CGCCGCCACCTGCTCCTAGACCTTGGACGACGGCCCGCAGCTCA 

GATCAGTCATCATGTTGAGCATGGTGTGGTGGTG 


5102 




CCAAGGTCTAGGAGCAG 


5103 




CTGCTCCTAGACCTTGG 


I 5104 
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: \Pfteootype,6ene ? 1 
: Plants Targeted j 
Alteration 1 


1 
1 
f 

Altering Oligos j 


SEQID 


, NO: ^ 


Ma!p-^tprilp I 

IVIaiC^oLCI IIC 

AG 

Zea mays 
Arg4Term 
CGA-TGA 


TCCTACCTTTTCTCCTTCAGACCTCAAAATCTGTGTGATAGGAACA 1 

AGAGCATGCACATCTGAGAAGAGGAGGCTACACCATCCACAGTAA 

CAGGCATCATGTCGACCCTGACTTCGGCGG 


5105 


GTAGCCTCCTCTTCTCAGATGTGCATGCTCTTGTTCCTATCACACA 
GATTTTGAGGTCTGAAGGAGAAAAGGTAGGA 


5106 


TPPAPATPTftAfiAArSAC 
1 bbAbA 1 bJ.bAbAAoAo 


5107 


PTPTTPTP A C ATPT CP A 
b J b 1 1 b 1 bMbA J b 1 \J\jf\ 


5108 


Male-stenle 
AG 

Zea mays 
GluSTerm 
GAA-TAA 


TACC MM CTCCTTCAGACCTCAAAATCTvjTb 1 bATAbbAAbAAbA 
GCATGCACATCCGATAAGAGGAGGCTACACCATCCACAGTAACAG 
GCATCATGTCGACCCTGACTTCGGCGGGGC 


oi uy 


nnncnnnnn a a ptp a ppctpp a p atc atcpptcttaptttfy^p at 
bbbbbbbbbAAb 1 bAbbo 1 bbAbA 1 bA 1 bUu loll AU 1 o 1 ourt 1 

GGTGTAGCCTCCTCTTATCGGATGTGCATGCTCTTGTTCCTATCA 
CACAGATTTTGAGGTCTGAAGGAGAAAAGGTA 


511A 


APATPPPATAAPAPPAC 

AbA 1 bbbAJAAbAbbAb 


5111 

□ III 


PT P PTPTT A TP P P ATPT 

b 1 bb 1 b 1 1 A 1 bbbA 1 b I 


5119 


iviaie-sienic 
AG 

Zea mays 
Glu6Term 
GAG-TAG 


PTTTTPTrrTTnAGArrTnAAAATPTGTGTGATAGGAACAAGAGCA 
TGCACATCCGAGAATAGGAGGCTACACCATCCACAGTAACAGGCA 
TCATGTCGACCCTGACTTCGGCGGGGCAGC 


5113 


PPTPPPPPCPPPAACTPACCCTPCAPATCATCPPTfTTTAPTfTTft 
bb 1 bbbbUOUbbAAb 1 OAOOO I OOALrA 1 On I 1 0 1 1 n\j \\Jl\J 

GATGGTGTAGCCTCCTATTCTCGGATGTGCATGCTCTTGTTCCTA 
TCACACAGATTTTGAGGTCTGAAGGAGAAAAG 


D l l*T 


TPPCACAATAPCAfSCPT 
1 bbbAbAAJAboAbbb 1 


5115 


A CPPTPPT ATTPTPCC A 
Abbb 1 bb 1 A 1 1 b 1 bOUA 


5116 


ivIdlc-oltJI lie 

AG 

Zea mays 
Glu7Term 
GAG-TAG 


TTPTPPTTPAGAPPTPAAAATCTGTGTGATAGGAACAAGAGCATGC 
ACATCCGAGAAGAGTAGGCTACACCATCCACAGTAACAGGCATCA 
TGTCGACCCTGACTTCGGCGGGGCAGCAGA 


5117 


TPTfiOTf5rr'f N Pr5rrr;AAf5TPAf3f5f5TrfiAf > ATr?ATftrrTf5TTAr'T 

GTGGATGGTGTAGCCTACTCTTCTCGGATGTGCATGCTCTTGTTC 
CTATCACACAGAI 1 1 1 GAGGTCTGAAGGAGAA 


5118 


CACAAfiAfSTAftftPTAPA 
bAbAAoAoXAVjVJU I AoA 


511Q 


TPT A CPPT A PTPTTPTP 
Ibl Abbbl Ablbl lb lb 


51 90 


[VldlC-blcIllc 

AG 

Oryza saffva 

Lys5Term 

AAG-TAG 


GPTfiGGTPAGGATnGTPGGnGGPGGTGGCGGPGGGGAGCAGC 

GAGAAGATGGGGAGGGGGTAGATCGAGATAAAGCGGATCGAGAA 

CACGACGAACCGGCAGGTGACCTTCTGCAAGCGCC 


5121 


GGCGCTTGCAGAAGGTCACCTGCCGGTTCGTCGTGTTCTCGATC 
CGCTTTATCTCGATCTACCCCCTCCCCATCTTCTCGCTGCTCCCC 
GCCGCCACCGCCGCCGACGATCCTGACCCAGC 


5122 


GGAGGGGGIAGATCGAG 


5123 


CTCGATCTACCCCCTCC 


5124 
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-89- 



PCT/US01/17672 



Phenotype, Gene, 
Plant & Targeted 
Alteration 


Altering Otigos , 


• 


SEQID 

NO; 


IVICliC* Old nc 

AG 

Oryza sativa 

Glu7Term 

GAG-TAG 


TCAGGATCGTCGGCGGCGGTGGCGGCGGGGAGCAGCGAGAAGA 
TGGGGAGGGGGAAGATCTAGATAAAGCGGATCGAGAACACGACG 
AACCGGCAGGTGACCTTCTGCAAGCGCCGCAATG 


5125 


CATTGCGGCGCTTGCAGAAGGTCACCTGCCGGTTCGTCGTGTTC 
TCGATCCGCTTTATCTAGATCTTt/Ot/UO I OUOOA 1 U 1 1 W obu 1 b 
CTCCCCGCCGCCACCGCCGCCGACGATCCTGA 


5126 


GGAAGATCTAGATAAAG 


5127 


CTTTATCTAGATCTTCC 


5128 


Male-sterile 
AG 

Oryza sativa 

Lys9Term 

AAG-TAG 


TCGTCGGCGGCGGTGGCGGCGGGGAGCAGCGAGAAGATGGGG 
AGGGGGAAGATCGAGATATAGCGGATCGAGAACACGACGAACCG 
GCAGGTGACCTTCTGCAAGCGCCGCAATGGCCTCC 


| 5129 


GGAGGCCATTGCGGCGCTTGCAGAAGGTCACCTGCCGGTTCGTC 
GTGTTCTCGATCCGCTATATCTCGATCTTCCCCCTCCCCATCTTCT 
CGCTGCTCCCCGCCGCCACCGCCGCCGACGA 


5130 


TCGAGATATAGCGGATC 


5131 j 


GATCCGCTATATCTCGA 


5132 


Male-sterile 
AG 

Oryza sativa 

Glu12Term 

GAG-TAG 


GCGGTGGCGGCGGGGAGCAGCGAGAAGATGGGGAGGGGGAAG 
ATCGAGATAAAGCGGATCTAGAACACGACGAACCGGCAGGTGAC 
CTTCTGCAAGCGCCGCAATGGCCTCCTGAAGAAGG 


5133 


CCTTCTTCAGGAGGCCATTGCGGCGCTTGCAGAAGGTCACCTGC 
CGGTTCGTCGTGTTCTAGATCCGCTTTATCTCGATCTTCCCCCTC 
CCCATCTTCTCGCTGCTCCCCGCCGCCACCGC 


5134 ! 


AGCGGATCIAGAACACG 


5135 


CGTGTTCTAGATCCGCT 


5136 



Table 16 

Oligonucleotides to produce male-sterile plants 



Phenotype, Gene, 
Plant & Targeted 
Alteration 


Altering Oligos 

• 


SEQID 
NO: 


Male-sterile 
PI 

Cucumis sativus 

Tyr21Term 

TAT-TAG 


GGGAAGAGGG AAAATAGAAA I AAAAAGAATAGAGAACTCAAGCAAT 
AGACAAGTTACATAGTCAAAGAGAAGAAATGGTATCATCAAAAAAG 
CCAMGAAATTACTGTTCTTTGCGATGCT 


5137 


AGCATCGCAMGMCAGTMTnCTnGGCTTTTTTGATGATACCAT 
nCTTCTCTTTGACTATGTAACTTGTCTATTGCTTGAGTTCTCTATTG 
II 1 1 1AI I IC1AI 1 1 ICCCTCTTCCC 


5138 
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Phenotype, Gene, 
Plant & Targeted : ; 
Alteration 


Altering Oligos 


MM®! 
NO: : 






GTTACATAGTCAAAGAG 


5139 






CTCTTTGACTATGTAAC 


5140 




Male-sterile 
PI 

Cucumis sativus 


GAAGAGGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAG 

ACAAGTTACATATTGAAAGAGAAGAAATGGTATCATCAAAAAAGCC 

AAAGAAATTACTGTTCTTTGCGATGCTCA 


5141 


5 


Ser22Term 
TCA-TGA 


TGAGCATCGCAMGMCAGTMTTTCTTTGGCTTTTTTGATGATACC 
ATTTCTTCTCTTTCAATATGTAACTTGTCTATTGCTTGAGTTCTCTAT 
TCI 1 1 1 IAI I ICIAI 1 1 ICCCTCTTC [ 


5142 | 






TACATATTGAAAGAGAA 


5143 






TTCTCTTTCAATATGTA 


5144 




Male-sterile 
PI 

Cucumis sativus 


AGAGGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAGAC 
AAGTTACATATTCATAGAGAAGAAATGGTATCATCAAAAAAGCCAAA 
GAAATTACTGTTCTTTGCGATGCTCAAG 


5145 


10 


Lys23Term 
AAG-TAG 


CTTGAGCATCGCAMGMCAGTMTnCTnGGCTTTTTTGATGATA 
CCATTTCTTCTCTATGAATATGTAACTTGTCTATTGCTTGAGTTCTC 
TATTCI 1 1 1 IAI 1 ICIAI 1 1 ICCCTCT 


5146 






CATATTCATAGAGAAGA 


5147 






TCTTCTCTATGAATATG 


5148 




Male-sterile 
PI 

Cucumis sativus 


GGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAGACAAG 
TTACATATTCAAAGTGAAGAAATGGTATCATCAAAAAAGCCAAAGAA 
ATTACTGTTCTTTGCGATGCTCAAGTTT 


5149 


15 


Arg24Term 
AGA-TGA 


AMCTTGAGCATCGCAMGMCAGTMTnCTnGGCTTTTTTGATG 
ATACCATTTCnCACTTTGAATATGTAACTTGTCTATTGCTTGAGTT 
CTCTATTCI 1 1 1 IAI 1 ICIAI 1 1 ICCC 


5150 






ATTCAAAGTGAAGAAAT 


5151 






ATTTCTTCACTTTGAAT 


5152 




Male-sterile 
PI 

Malus domestica 


GGGACGTGGGMGGITGAGATCMGAGGATTGAGAACTCAAGTAA 
CAGGCAGGTGACCTAGTCCAAGAGGAGGAATGGGATTATCAAGAA 
GGCAAAGGAGATCACTGTTCTATGTGATGCT 


5153 


20 


Tyr21Term 
TAC-TAG 


AGCATCACATAGAACAGTGATCTCCTTTGCCTTCTTGATAATCCCA 
TTCCTCCTCTTGGACTAGGTCACCTGCCTGTTACTTGAGTTCTCAA 
TCCTCTTGATCTCMCCTTCCCACGTCCC 


5154 






GTGACCTAGTCCAAGAG 


5155 






CTCTTGGACTAGGTCAC 


5156 
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Pheiiotype r 'Gene ? 
. Plant & Targeted 
Alteration 




SEC11D 
MO- 

f - : 


Male-sterile 
PI 

Malus domestica ■ 

Lys23Term. 

AAG-TAG 


CGTGGGAAGGTTGAGATCMGAGGATTGAGAACTCAAGTAACAGG 
CAGGTGACCTACTCCTAGAGGAGGAATGGGATTATCAAGAAGGCA 
AAGGAGATCACTGTTCTATGTGATGCTAAAG 


5157 


CTTTAGCATCACATAGAACAGTGATCTCCTTTGCCTTCTTGATAATC 
CCATTCCTCCTCTAGGAGTAGGTCACCTGCCTGTTACTTGAGTTCT 
CAATCCTCTTGATCTCAACCTTCCCACG 


5158 


CCTACTCCIAGAGGAGG 


5159 


CCTCCTCTAGGAGTAGG 


5160 


Male-sterile 
PI 

Malus domestica 

Lys30Term 

AAG-TAG 


AGGATTGAGAACTCAAGTAACAGGCAGGTGACCTACTCCAAGAGG 
AGGAATGGGATTATCTAGAAGGCAAAGGAGATCACTGTTCTATGTG 
ATGCTAAAGTATCTCTTATCATTTATTCTA 


5161 


TAGAATAAATGATAAGAGATACTTTAGCATCACATAGAACAGTGATC 
TCCTTTGCCTTCTAGATAATCCCATTCCTCCTCTTGGAGTAGGTCA 
CCTGCCTGTTACTTGAGTTCTCAATCCT 


5162 


GGATTATCTAGAAGGCA 


5163 


TGCCTTCTAGATAATCC 


5164 


Male-sterile 
PI 

Malus domestica 

Lys31Term 

AAG-TAG 


ATTGAGAACTCAAGTAACAGGCAGGTGACCTACTCCAAGAGGAGG 
AATGGGATTATCAAGTAGGCAAAGGAGATCACTGTTCTATGTGATG 
CTAAAGTATCTCTTATCATTTATTCTAGCT 


5165 


AGCTAGAATAAATGATAAGAGATACTTTAGCATCACATAGAACAGT 
GATCTCCTTTGCCTACTTGATAATCCCATTCCTCCTCTTGGAGTAG 
GTCACCTGCCTGTTACTTGAGTTCTCAAT 


5166 


TTATCAAGTAGGCAAAG 


5167 


CTTTGCCTACTTGATAA 


! 5168 


Male-sterile 
globosa 

Antirrhinum majus 

GlyZTerm 

GGA-TGA 


CAI 1 1 1 1 AC AA rAGTTATCTGCAAACAAAAACAAGAGAGAAAMCAA 
AAACAAAAAAATGTGAAGAGGAAAAATTGAGATCAAAAGAATTGAG 
AACTCAAGCAACAGGCAGGTTACTTACT 


5169 


AGTAAGTAACCTGCCTGTTGCTTGAGTTCTCAATTCTTTTGATCTCA 
Al 1 1 1 ICCICI ICACAI 1 1 1 1 1 1 GTTTnGTTTTTCTCTCTTGTTTTTG 
TTTGCAGATAACTATTGTAAAAATG 


5170 


AAAAAATGIGAAGAGGA 


5171 


ICCICIICACAI III 1 1 


5172 


Male-sterile 
globosa 

Antirrhinum majus 

Arg3Term 

AGA-TGA 


TTTTACAATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAA 
CAAAAAAATGGGATGAGGAAAAATTGAGATCAAAAGAATTGAGAAC 
TCAAGCAACAGGCAGGTTACTTACTCAA 


5173 


TTGAGTAAGTAACCTGCCTGTTGCTTGAGTTCTCAATTCTTTTGATC 
TCAAI 1 1 1 ICCTCATCCCAI 1 1 1 1 1 1 GTTTTTGTTTTTCTCTCTTGTT 
TTTGTTTGCAGATAACTATTGTAAAA 


5174 
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Pfant& Targeted 
Alteration 


Altering Oligos 


;SEQID? 
: NO: 




AAATGGGATGAGGAAAA 


5175 


TTTTCCTCATCCCATTT 


5176 


Male-sterile 
globosa 

Antirrhinum majus 

Gly4Term 

GGA-TGA 


TACAATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAACAA 

AAAAATGGGAAGATGAAAAATTGAGATCAAAAGAATTGAGAACTCA 

AGCAACAGGCAGGTTACTTACTCAAAGA 


5177 


TCTnGAGTMGTAACCTGCCTGTTGCTTGAGTTCTCAATTCTTTTG 
ATCTCAAI 1 1 1 1 CATCTTCCCAI 1 1 1 1 1 1 GTTTTTGTTTTTCTCTCTT 
GUM I GTTTGCAGATAACTATTGTA 


5178 


TGGGAAGATGAAAAATT 


5179 


AAIIIMCAICTTCCCA 


5180 


Male-sterile 
globosa 

Antirrhinum majus 

LysSTerm 

AAA-TAA 


AATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAACAAAAA 
AATGGGAAGAGGATAAATrGAGATCAAAAGAATTGAGAACTCAAGC 
AACAGGCAGGTTACTTACTCAAAGAGAA 


5181 


TTCTCTTTGAGTAAGTAACCTGCCTGTTGCTTGAGTTCTCAATTCTT 
TTGATCTCAATTTATCCTCTTCCCA 1 1 1 1 1 1 IGI 1 1 1 IGI 1 1 1 ICTCT 
CTTGI 1 1 1 1 GTTTGCAGATAACTATT 


5182 


GAAGAGGATAAATTGAG 


5183 


CTCAATTTATCCTCTTC 


5184 


Male-sterile 
PI 

Zea mays 
Lys5Term 
AAG-TAG 


GCTGAGCTCTTGCTGCCCTl GGAI C I G 1 1 1 GGGAGTGGAGAACGC 
AGTATGGGGCGCGGCTAGATCAAGATCAAGAGGATCGAGAACTCT 
ACCAACCGGCAGGTGACCTTCTCCAAGCGCC 


5185 


GGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTCTCGATCC 

TCTTGATCTTGATCTAGCCGCGCCCCATACTGCGTTCTCCACTCC 

CAAACAGATCCAAGGGCAGCAAGAGCTCAGC 


5186 


GGCGCGGCTAGATCAAG 


5187 


CTTGATCTAGCCGCGCC 


5188 


Male-sterile 
PI 

Zea mays 
Lys7Term 
AAG-TAG 


CTCTTGCTGCCCTTGGATCTGTTTGGGAGTGGAGAACGCAGTATG 
GGGCGCGGCAAGATCTAGATCAAGAGGATCGAGAACTCTACCAAC 
CGGCAGGTGACCTTCTCCAAGCGCCGGGCCG 


5189 


CGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 

TCGATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTGCGTTCTC 

CACTCCCAAACAGATCCAAGGGCAGCAAGAG 


5190 


GCAAGATCIAGATCAAG 


5191 


CTTGATCTAGATCTTGC 


5192 
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Plant & Targeted 
Alteration 


Altering Oligos 


SEQID1 

NO; 


Male-sterile 
PI 

Zea mays 

Lys9Term \ 
AAG-TAG 


CTCTTGCTGCCCTTGGATCTGTTTGGGAGTGGAGAACGCAGTATG 
GGGCGCGGCAAGATCTAGATCAAGAGGATCGAGAACTCTACCAAC 
CGGCAGGTGACCTTCTCCAAGCGCCGGGCCG 


5193 


CGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 

TCGATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTGCGTTCTC 

CACTCCCAAACAGATCCAAGGGCAGCAAGAG 


5194 


GCAAGATCTAGATCAAG 


5195 


CTTGATCTAGATCTTGC 


5196 


Male-sterile 
PI 

Zea mays 

Glu12Term 

GAG-TAG 


GATCTGTTTGGGAGTGGAGAACGCAGTATGGGGCGCGGCAAGAT 
CAAGATCAAGAGGATCTAGAACTCTACCAACCGGCAGGTGACCTT 
CTCCAAGCGCCGGGCCGGACTGGTCAAGAAGG 


5197 


CCTTCTTGACCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGC 
CGGTTGGTAGAGTTCTAGATCCTCTTGATCTTGATCTTGCCGCGC 
CCCATACTGCGTTCTCCACTCCCAAACAGATC 


5198 


AGAGGATCIAGAACTCT 


5199 


AGAGTTCTAGATCCTCT 


5200 


Male-sterile 
PI 

Zea mays 
Lys5Term 
AAG-TAG 


GCTGAGCTCnGCTGCCCTTGMTCTGTTAGGGAGTGGAGAACGG 
AGTATGGGGCGCGGCTAGATCGAGATCAAGAGGATCGAGAACTCT 
ACCAACCGGCAGGTGACCTTCTCCAAGCGCC 


5201 


GGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTCTCGATCC 

TCTTGATCTCGATCTAGCCGCGCCCCATACTCCGTTCTCCACTCC 

CTAACAGATTCAAGGGCAGCAAGAGCTCAGC 


5202 


GGCGCGGCIAGATCGAG 


5203 


CTCGATCTAGCCGCGCC 


5204 


Male-sterile 

pi 

Zea mays 
Glu7Term 
GAG-TAG 


CTCTTGCTGCCCTTGAATCTGTTAGGGAGTGGAGAACGGAGTATG 
GGGCGCGGCAAGATCTAGATCAAGAGGATCGAGAACTCTACCAAC 
CGGCAGGTGACCTTCTCCAAGCGCCGGGCCG 


5205 


CGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 
TCGATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTCCGTTCTC 
CACTCCCTAACAGATTCAAGGGCAGCAAGAG 


5206 


GCAAGATCTAGATCAAG 


5207 


CTTGATCTAGATCTTGC 


5208 


Male-sterile 
PI 

Zea mays 
Lys9Term 
AAG-TAG 


CTGCCCTTGAATCTGTTAGGGAGTGGAGAACGGAGTATGGGGCG 

CGGCAAGATCGAGATCTAGAGGATCGAGAACTCTACCAACCGGCA 

GGTGACCTTCTCCAAGCGCCGGGCCGGACTGG 


5209 


CCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTA 
GAGTTCTCGATCCTCTAGATCTCGATCTTGCCGCGCCCCATACTC 
CGTTCTCCACTCCCTAACAGATTCAAGGGCAG 


5210 
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Phenotype, Gene, 
: ; Plant & Targeted 
Alteration 


* • » s • % s \ 

% 

. Altering Oligos , . ; 

- 


SEQiD 

NO: 




TCGAGATCTAGAGGATC 


5211 


GATCCTCTAGATCTCGA 


5212 


Male-sterile 
PI 

lea mays 

Glu12Term 

GAG-TAG 


AATCTGTTAGGGAGTGGAGAACGGAGTATGGGGCGCGGCAAGAT 
CGAGATCAAGAGGATCTAGAACTCTACCAACCGGCAGGTGACCTT 
CTCCAAGCGCCGGGCCGGACTGGTCAAGAAGG 


5213 


CCTTCTTGACCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGC 
CGGTTGGTAGAGTTCTAGATCCTCTTGATCTCGATCTTGCCGCGC 
CCCATACTCCGTTCTCCACTCCCTAACAGATT 


5214 


AGAGGATCIAGAACTCT 


5215 


AGAGTTCTAGATCCTCT 


5216 


Male-sterile 
PI 

Oryza sativa 

LysSTerm 

AAG-TAG 


TTGCTGCTAAGCTAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGG 
CGGGATGGGGCGCGGGTAGATCGAGATCAAGAGGATCGAGAACT 
CCACCAACCGCCAGGTGACCTTCTCCAAGCGCA 


5217 


TGCGCTTGGAGAAGGTCACCTGGCGGTTGGTGGAGTTCTCGATCC 

TCTTGATCTCGATCTACCCGCGCCCCATCCCGCCTCCTCCTCCTC 

CTCCTCCTTCCTCCAGCTAGCTTAGCAGCAA 


5218 


GGCGCGGGTAGATCGAG 


5219 


CTCGATCTACCCGCGCC 


5220 


Male-sterile 

PI 

Oryza sativa 

Glu7Term 

GAG-TAG 


CTAAGCTAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGGrGGGA 
TGGGGCGCGGGAAGATCTAGATCAAGAGGATCGAGAACTCCACC 
AACCGCCAGGTGACCTTCTCCAAGCGCAGGAGCG 




CGCTCCTGCGCTTGGAGAAGGTCACCTGGCGGTTGGTGGAGTTC 
TCGATCCTCTTGATCTAGATCTTCCCGCGCCCCATCCCGCCTCCT 
CCTCCTCCTCCTCCnCCTCCAGCTAGCTTAG 


5222 


GGAAGATCTAGATCAAG 


5223 


CTTGATCTAGATCTTCC 


5224 


Male-sterile 
PI 

Oryza sativa 

Lys9Term 

AAG-TAG 


TAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGGCGGGATGGGGC 

GCGGGAAGATCGAGATCTAGAGGATCGAGAACTCCACCAACCGC 

CAGGTGACCTTCTCCAAGCGCAGGAGCGGGATCC 


5225 


GGATCCCGCTCCTGCGCTTGGAGAAGGTCACCTGGCGGTTGGTG 
GAGTTCTCGATCCTCTAGATCTCGATCTTCCCGCGCCCCATCCCG 
CCTCCTCCTCCTCCTCCTCCTTCCTCCAGCTA 


5226 


TCGAGATCTAGAGGATC 


5227 


GATCCTCTAGATCTCGA 


5228 
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Phenotype, Gene, 
Plant & fargetelll 
: Alteration 


. ■ . V- f - ■ ■ 

AlWinft filing 
Altering u^gos 




Male-sterile 
PI 

Oryza sativa 

Glu12Term 

GAG-TAG 


GAAGGAGGAGGAGGAGGAGGAGGCGGGATGGGGCGCGGGAAGA 
TCGAGATCAAGAGGATCTAGAACTCCACCAACCGCCAGGTGACCT 
TCTCCAAGCGCAGGAGCGGGATCCTCAAGAAGG 


5229 


CCTTCTTGAGGATCCCGCTCCTGCGCTTGGAGAAGGTCACCTGGC 

GGTTGGTGGAGTTCTAGATCCTCTTGATCTCGATCTTCCCGCGCC 

CCATCCCGCCTCCTCCTCCTCCTCCTCCnC 


5230 


AGAGGATCJAGAACTCC 


5231 


GGAGTTCTAGATCCTCT 


5232 
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Example 7 

Engineering plants for abiotic stress tolerance 

Environmental stresses, such as drought, increased soil salinity, soil contamination with 
heavy metals, and extreme temperature, are major factors limiting plant growth and productivity. The 
worldwide loss in yield of three major cereal crops, rice, maize, and wheat due to water stress (drought) has 
been estimated to be over ten billion dollars annually and many currently marginal soils could be brought 
into cultivation if suitable plant varieties were available. 

Physiological and biochemical responses to high levels of ionic or nonionic solutes and 
decreased water potential have been studied in a variety of plants. It is known, for example, that increasing 
levels of alcohol dehydrogenase can confer enhances flooding resistance in plants. There are also several 
possible mechanisms to enhance plant salt tolerance. For example, one mechanism underlying the 
adaptation or tolerance of plants to osmotic stresses is the accumulation of compatible, low molecular weight 
osmolytes such as sugar alcohols, special amino acids, and glycinebetaine. Such accumulation can be 
engineered, for example, by removing feedback inhibition on 1-pyrroline-t-carboxylate synthetase, which 
results in accumulation of proline. Additionally, recent experiments suggest that altering the expression or 
activity of specific sodium or potassium transporters can confer enhanced salt tolerance. 

Plant tolerance of contamination by heavy metals such as lead and aluminum in soils has 
also been investigated and one mechanism underlying tolerance is the production of dicarboxylic acids such 
as oxalate and citrate. In addition, individual genes involved in heavy metal sensitivity have been identified. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that confer stress tolerance in plants. 
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Table 17 

Genome-Altering Oligos Conferring Stress Tolerance 



;. ■ rfienoiype, wsne, • ; 
Plant & Targeted 
Alteration 


Altering Oligos 

.... • . ': 


SE01D 
NO: 


Salt Tolerance ! 
P5CS 

Arabidopsis thaliana 


CGICI 1 1 1 IGIGIGGIAGI IGGAIGIGACGGI IGCICAAAIGCI I 

GTGACCGATAGCAGTGCTAGAGATAAGGATTTCAGGAAGCAACTT 

AGTGAAACTGTCAMGCGATGCTGAGGATGA 


5233 


Phe128Ala 

TTT f^PT 


TCATCCTCAGCATCGCTTTGACAGTTTCACTAAGTTGCTTCCTGAA 

ATPPTTATPTPTAftPAPTPPTATPrarrPAPAAnPATTTOAf^PAAPP 
A 1 LrU 1 1 A 1 \j 1 0 1 AtaV/Au 1 \ A 1 Uoo 1 OAOAAoOA 1 1 1 oAuOAAOO 

CTPArATrnAACTACCAnACAAAAAGACG 


5234 




ATAGCAGTGCTAGAGAT 


5235 




ATCTCTAGCACTGCTAT 


5236 


Salt Tolerance 
P5CS1 

Brassica napus 


GAGACTATGTTTGACCAGCTGGATGTGACGGCTGCTCAGCTGCTG 
GTGAATGACAGTAGTGCCAGAGACAAGGAGTTCAGGMGCMCTT 
AATGAGACAGTGAAGTCCATGCTTGATTTGA 


5237 


Phe128Ala 

TTP l^PP 


TCAAATCAAGCATGGACTTCACTGTCTCATTAAGTTGCTTCCTGAA 

PTp PTTPTPTPTP ftPA PT A PTfTTP ATTP A PP A f^P A f^PTO A f^P A ftP 
U 1 L»0 1 1 o 1 1> 1 L> 1 ouUAu 1 AU 1 o 1 OA 1 1 UAUUAvjUAoU 1 oAoL/AoU 

PGTrArATrrAGrTGCTrAAArATARTnTn 


5238 




ACAGTAGTGCCAGAGAC 


5239 




GTCTCTGGCACTACTGT 


5240 


Salt Tolerance 
P5CS2 

Brassica napus 


GAGACTATGTTTGACCAGATGGATGTGACGGTGGCTCAAATGCTG 
GTGACTGATAGCAGTGTCAGAGATAAGGATTTCAGGAAGCAACTT 
AGTGAGACAGTCAAAGCTATGCTGAAAATGA 


5241 


Phe129Ala 
ttp pro 


TCATTTTCAGCATAGCTTTGACTGTCTCACTAAGTTGCTTCCTGAA 

AllA/l lAlulOluAOAUIoUIAIOAbll/AuOAVaUAl 1 1 <jA<jOOAL>0 
GTCACATCCATCTGGTCAMCATAGTCTC 


5242 




ATAGCAGTGTCAGAGAT 


5243 




ATCTCTGACACTGCTAT 


5244 


Salt Tolerance 
P5CS 

Oryza sativa 


GATATGTTGTTTaACCAACTGGATGTCTCGTCATCTCAACTTCTTG 

tcaccgacagtgatgctgagaacccaaagttccgggagcaactca 
ctgaaactgttgagtcattattagatctta 


5245 


Phe128Ala 
TTT-GCT 


TAAGATCTAaTAATGACTCAACAGTTTCAGTGAGTTGCTCCCGGAA 
CTTTGGGTTCTCAGCATCACTGTCGGTGACMGAAGTTGAGATGA 
CGAGACATCCAGTTGGTTAAACAACATATC 


5246 




acagtgatgctgagaac 


5247 




gttctcagcatcactgt 


5248 I 
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; Phenotype, Gene, \ 
Mant& Targeted: 
Alteration - 


• 

• 

^ .- 


•.. - . - ; * ,; , : , ; . . . , 
Altering Oligos ~ 

• 


SEOiD- 
MO: 


Salt Tolerance 
P5CS 

Medicago sativa 

Phe128Ala 

TTT-GCT 


GAIAI IIIGII IAGICAGCIGGAIGIGACAICIGCICAGCI ICI IG 
TTACTGACMTGATGCTAGAGACCMGATTTTAGAAAGCAACTTTC 
TGAAACTGTGAGATCACTTCTAGCACTAA 


5249 


TTAGTGCTAGMGTGATCTCACAGTTTCAGAAAGTTGCTTTCTAAA 

ATCTTGGTCTCTAGCATCATTGTCAGTAACAAGAAGCTGAGCAGAT 

GTCACATCCAGCTGACTAAACAAAATATC 


COCA 


ACAATGATGCTAGAGAC 


5251 


GTCTCTAGCATCATTGT 


5252 


Salt Tolerance 
P5CS 

Actinidia deliciosa 

Phe128Ala 

TTT-GCT 


GATACATTGTTTAGTCAGCTGGATGTGACATCAGCTCAGCTACTC 

GTTACTGATAATGATGCTAGGGATCCAGAATTCAGGAAGCAACTTA 

CTGAAACTGTAGAATCACTATTGAATTTGA 


5253 


TCAAATTCAATAGTGATTCTACAGTTTCAGTAAGTTGCTTCCTGAAT 
TCTGGATCCCTAGCATCATTATCAGTAACGAGTAGCTGAGCTGAT . 

^TPAPATPPAPPTPAPTAA APA AT72TATP 
o 1 OAOA 1 UUAVjO 1 bnU 1 AAAOAA 1 u 1 A 1 0 


\ 5254 


ATAATGATGCTAGGGAT 


1 5255 


ATCCCTAGCATCATTAT 


; 5256 


Salt Tolerance 
P5CS 

Cichorium intybus 

Phe122Ala 

TTC-GCC 


GACACACTCTTCAGTCAACTGGATGTGACATCAGCACAGCTTCTT 

GTAACAGATAATGACGCCAGAAGTCCAGAATTTAGAAAACAACTTA 

CTGAAACAGTCGATTCTTTATTATCTTATA 


COC7 


TATMGATMTAMGMTCGACTGTTTCAGTAAGTTGTTTTCTAAAT 
TO rbbACTTCTGGCbTC/ATTATOTGl rACAAGAAGOTGTGoTGAT 
GTCACATCCAGTTGACTGAAGAGTGTGTC 


coco 

5258 


ATAATGACGCCAGAAGT 


corn 

5259 


ACTTCTGGCGTCATTAT 


1 5260 

WfcWV 


Salt Tolerance* 
P5CS 

Lycopersicon 
esculentum 
Phe128Ala 
TTT-GCT 


GATTO 1 1 1 GTTCAGTCAGTTGG ATGTGACATC AGCTCAGCTTCTGG 
TGACTGATAATGACGCTAGAGATCCAGA 1 1 1 1 AGGAGACAACTCAA 
TGACACAGTAAATTCGTTGCTTTCTCTM 


5261 


TTAPAPA A A A A A A I 1 1 A PTPTOT^ A TTP A OTT/^TOTPAT A A A 

TTAGAGAAAGCAAOGAAl 1 1 ACTGTGTCATTGAGTTGTCTCC/TAAA 
ATCTGGATCTCTAGCGTCATTATCAGTCACCAGAAGCTGAGCTGA 
TGTCACATCCAACTGACTGAACAAAGAATC 


5262 


ATAATGACGCTAGAGAT 


5263 


ATCTCTAGCGTCATTAT 


5264 

vein 


Salt Tolerance 
P5CS 

Vigna unguiculata 

Phe162Ala 

TTT-GCT 


GATACCATGTTCAGCCAGCTTGATGTGACTTCTTCCCAACTTCTTG 
TGAATGATGGATTTGCTAGGGATGCTGGCTTCAGAAAACAACTTTC 
GGACACAGTGAACGCGTTATTAGATTTAA 


5265 


1 lAAAICIAAl AACGCGI ICACIGIGICCGAAAGI IGI 1 1 ICIGAA 
GCCAGCATCCCTAGCAAATCCATCATTCACAAGAAGTTGGGAAGA 
AGTCACATCAAGCTGGCTGAACATGGTATC 


5266 


ATGGATTTGCTAGGGAT 


5267 
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Rhehotype, Gene, i 
Plant& Targeted 

Aifrpratinn 




SEQID 
NO; 




ATCCCTAGCAAATCCAT 


5268 


Salt Tolerance 
P5CS 

Mesembryanthemum 


GAcaCCttgttTAgtcagttggatctgactgctgctcagctgctt 

GTGACGGACAACGACGCTAGAGATCCAAG 1 1 1 1 AGAACACAACTA 
ACTGAAACAGTGTATCAGTTGTTGGATCTAA 


5269 


crystallinum 

Phe125Ala i 
TTT-GCT 


TTAGATCCAACAACTGATACACTGTTTCAGTTAGTTGTGTTCTAAAA 
CTTGGATCTCTAGCGTCGTTGTCCGTCACAAGCAGCTGAGCAGCA 
GTCAGATCCAACTGACTAAACAAGGTGTC 


5270 




ACAACGACGCTAGAGAT 


5271 




ATCTCTAGCGTCGTTGT 


5272 


Salt Tnlprannp 
P5CS 

Vitis vinifera 


GACACATTATTTAGCCAGCTGGATGTGACATCAGCTCAGCTTCTT 

GTGACTGATAATGATGCTAGGGATGAAGCTTTCCGAAATCAACTTA 

CTCAAACAGTGGATTCATTGTTAGCTTTGA 


5273 


Phe130Ala 
TTT-GCT 


TnAAAGfTAACMTGAATCCACTGTTTGAGTMGTTGATTTCGGM 
AGCTTCATCCCTAGCATCATTATCAGTCACAAGAAGCTGAGCTGAT 
GTCACATCCAGCTGGCTAAATAATGTGTC 


5274 




ATAATftATftf!TA£iftftAT 


5275 




ATPrPTAGCATPATTAT 


5276 


Salt Tnlprannp 

waiL i uigi cii iwc 

P5CS ; 
V/gna aconitifolia 


GATACGCTGtTCACTCAGCTCGATGTGACATCGGCTCAGCTTCTT 
GTGACGGATAACGATGCTCGAGATAAGGATTTCAGGAAGCAGCTT 
ACTGAGACTGTGAAGTCGCTGTTGGCGCTGA 


5277 


Phpl 2QAIa 
TTT-GCT 


TPARPfirrAAnAfinRAflTTnACAGTCTCAGTAAGCTGCTrCCTGA 
AATCCTTATCTCGAGCATCGTTATCCGTCACAAGAAGCTGAGCCG 
ATGTCACATCGAGCTGAGTGAACAGCGTATC 


5278 




ATAAPRATGCTHRAfiAT 


I 5279 




ATrTCfiAGCATCRTTAT 


5280 


Salt Tolerance 
HKT1 

Arabidopsis thaliana 


AGAGAtGTTCTTAGTTCCAAAGAAATCTCACCTCTCACI 1 ICICCG 

TCTTCACAACAGTTGTCACGTTTGCAAACTGCGGATTTGTCCCCAC 

GAATGAGAACATGATCATCTTTCGCAAAA 


5281 ' 


Ser207Val 

Wwl £.w / VCII 

TCC-GTC 


TTTTRnfiAAAGATGATCATGTTCTCATTCGTGGGGACAAATCCGCA 
GTTTGCAAACGTGACAACTGTTGTGAAGACGGAGAAAGTGAGAGG 
TGAGATTTCTTTGGAACTAAGAACATCTCT 


5282 




CAACAGTTGTCACGTTT 

W*w»w/*^^ • 1 vnVV III 


5283 




AAACGTGACAACTGTTG 


5284 


Salt Tolerance 
HKT1 

Arabidopsis thaliana 


CGAATGAGAACATGATCATCTTTCGCAAAAACTCTGGTCTCATCTG 
GCTCCTAATCCCTCTAGTACTGATGGGAAACACTTTGTTCCCTTGC 
TTCTTGGTTTTGCTCATATGGGGACTTTA 


5285 


Gln237Leu 
CAA-CTA 


TAAAGTCCCCATATGAGCAAAACCAAGMGCAAGGGAACAAAGTG 
TTTCCCATCAGTACTAGAGGGATTAGGAGCCAGATGAGACCAGAG 
TTTTTGCGAAAGATGATCATGTTCTCATTCG 


5286 
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Ptienotype, Gene;;; 
f Plants Targeted 
Alteration 


Altering Oligos : 

• 


SEQID 

lili! 




AATCCCTCTAGTACTGA 


5287 




TCAGTACTAGAGGGATT 


5288 


Salt Tolerance 
HKT1 

Arabidopsisthaliana 


AGTCTCTAGAAGGAATGAGTTCGTACGAGAAGTTGGTTGGATCGT 
TGTTTCAAGTGGTGAGTTCGCGACACACCGGAGAAACTATAGTAG 
ACCTCTCTACACTTTCCCCAGCTATCTTGGT 


5289 


Asn332Ser 
AAT-AGT 


ACCAAGATAGCTGGGGAAAGTGTAGAGAGGTCTACTATAGTTTCT 

CCGGTGTGTCGCGAACTCACCACTTGAAACAACGATCCAACCAAC 

TTCTCGTACGAACTCATTCCTTCTAGAGACT 


5290 




AGTGGTGAGTTCGCGAC 


5291 




GTCGCGAACTCACCACT 


5292 


Salt Tolerance 
HKT1 

Eucalyptus 


AGAGATGTGCTAAAGAAGAAAGGTCTCAAAA 1 GGI GACCTTTTCC 

GTCTTCACCACCGTGGTGACCTTTGCCAGTTGTGGGTTTGTCCCG 

ACCAATGAAAACATGATTATCTTCAGCAAAA 


5293 


camaldulensis 

Ser256Val 

TCG-GTG 


TTTTGCTGAAGATAATCATGTTTTCATTGGTCGGGACAAACCCACA 
ACTGGCAAAGGTCACCACGGTGGTGAAGACGGAAAAGGTCACCA 
1 1 1 1 GAGACCTTTCTTCTTTAGCACATCTCT 


5294 


* 


CCACCGTGGTGACCTTT 


5295 




AAAGGTCACCACGGTGG 


5296 


Salt Tolerance 
HKT1 

Eucalyptus 


CCAATGAAAACATGATTATCTTCAGCAAAAACTCTGGCCTCCTCCT 
GATTCTCATCCCTCTGGCCCTTCTTGGGAACATGCTGTTCCCATC 
GAGCCTACGTTTGACGCTTTGGCTCATCGG 


5297 


camaldulensis 

Gln286Leu 

CAG-CTG 


CCGATGAGCCAAAGCGTCAAACGTAGGCTCGATGGGAACAGCAT 
GTTCCCAAGAAGGGCCAGAGGGATGAGAATCAGGAGGAGGCCA 
GAGI 1 1 1 1 GCTGAAGATAATCATGTTTTCATTGG 


5298 




CATCCCTCTCGCCCTTC 


5299 




GAAGGGCCAGAGGGATG 


5300 


Salt Tolerance 
HKT1 

Eucalyptus 


AATCGTTGAATGGACTAAGCTCCTGTGAGAAAATCGTGGGCGCGC 
TGTTTCAGTGCGTGAGCAGCAGACATACCGGCGAGACGGTCGTC 
GATCTGTCCACAGTTGCTCCCGCCATCTTGGT 


5301 


camaldulensis 

Asn381Ser 

AAC-AGC 


ACCAAGATGGCGGGAGCAACTGTGGACAGATCGACGACCGTCTC 
GCCGGTATGTCTGCTGCTCACGCACTGAAACAGCGCGCCCACGA 
1 1 1 1 CTCACAGGAGCTTAGTCCATTCAACGATT 


5302 




GTGCGTGAGCAGCAGAC 


5303 




GTCTGCTGCTCACGCAC 


5304 
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Phenotype, Gene, I 
Plant & Targeted 
Alteration 1 


• 

•••..••••'•>•'••••••■••'•'• .:>...•■:::••■:-;::;;;;:;. 

, •;'>:':>V:v:-:;;V:;x : :; 

Aitennfl OliQOs 


SEQID 

NO; 

Xv: :-:-:-: :-: : : : : : : : x : : : : 


Salt Tolerance 
HKT1 

Oryza sativa 


AAAGCTCCACTGAAGAAGAAAGGGATCAACATTGCACTCTTCTCAT 

TCTCGGTCACGGTCGTCTCGTTTGCGAATGTGGGGCTCGTGCCG 

ACAAATGAGAACATGGCAATCTTCTCCAAGA 


5305 


Ser238Val 
TCC-GTC 


TCTTGGAGAAGATTGCCATGTTCTCATTTGTCGGCACGAGCCCCA 
CATTCGCAAACGAGACGACCGTGACCGAGAATGAGAAGAGTGCA 
ATGTTGATCCCTTTCTTCTTCAGTGGAGCTTT 


5306 




TCACGGTCGTCTCGTTT 


5307 




AAACGAGACGACCGTGA 


5308 


Salt Tolerance 
HKT1 

Oryza sativa 


CAAATGAGAACATGGCAATCTTCTCCAAGAACCCGGGCCTCCTCC 

tcctgttcatcggcctgattcttgcaggcaatacactttaccctct 
cttcctaaggctattgatatggttcctggg 


5309 


Gln268Leu 
CAG-CTG 


CCCAGGAACCATATCAATAGCCTTAGGAAGAGAGGGTAAAGTGTA 
TTGCCTGCAAGAATCAGGCCGATGAACAGGAGGAGGAGGCCCGG 
GTTCTTGGAGAAGATTGCCATGTTCTCATTTG 


5310 




CATCGGCCTGATTCTTG 


5311 




CAAGAATCAGGCCGATG 


5312 


Salt Tolerance 
HKT1 

Oryza sativa 


CAGTCTTTGATGGACTCAGCTCTTACCAGAAGATTATCMTGCATT 
GTTCATGGCAGTGAGCGCAAGGCACTCGGGGGAGAACTCCATCG 
ACTGCTCACTCATCGCCCCTGCTGTTCTAGT 


5313 


Asn363Ser 
AAC-AGC 


ACTAGAACAGCAGGGGCGATGAGTGAGCAGTCGATGGAGTTCTC 
CCCCGAGTGCCTTGCGCTCACTGCCATGAACAATGCATTGATAAT 
CTTCTGGTAAGAGCTGAGTCCATCAAAGACTG 


5314 




GGCAGTGAGCGCAAGGC 


5315 




GCCTTGCGCTCACTGCC 


5316 


Salt Tolerance 
HKT1 

Triticum aestivum 


GTGCCCCACTGAACAAGAAAGGGATCAACATCGTGCTCTTCTCAC 

tatcagtcaccgttgtctcctgtgcgaatgcaggactcgtgccca 
caaatgagaacatggtcatcttctcaaagaa 


5317 


Ala240Val 
GCC-GTC 


TTCTTTGAGAAGATGACCATGTTCTCATTTGTGGGCACGAGTCCT 
GCATTCGCACAGGAGACAACGGTGACTGATAGTGAGAAGAGCAC 
GATGTTGATCCCTTTCTTGTTCAGTGGGGCAC 


5318 




CACCGTTGTCTCCTGTG 


5319 




CACAGGAGACAACGGTG 


5320 


Salt Tolerance 
HKT1 

Triticum aestivum 


CAAATGAGAACATGGTCATCTTCTCAAAGAATTCAGGCCTCTTGTT 
GCTGCTGAGTGGCCTGATGCTCGCAGGCAATACATTGTTCCCTCT 
CTTCCTGAGGCTACTGGTGTGGTTCCTGGG 


5321 


Gln270Leu 
CAG-CTG 


CCCAGGAACCACACCAGTAGCCTCAGGAAGAGAGGGAACAATGT 
ATTGCCTGCGAGCATCAGGCCACTCAGCAGCAACAAGAGGCCTG 
AATTCTTTGAGAAGATGACCATGTTCTCATTTG 


5322 




GAGTGGCCTGATGCTCG 


5323 
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Phenotype, Gene^- 
Plant* Targeted 
Alteration 


• 


Altering Oligos 




5 

'<> f. . § x f <• 


SEGID 

NO; 




CGAGCATCAGGCCACTC 


5324 


Salt Tolerance 
HKT1 

Triticum aestivum 

Asn365Ser 

AAT-AGT 


CAGTCTTTGATGGGCTCAGCTCTTATCAGMGACTGTCAATGCATT 

CTTCATGGTGGTGAGTGCGAGGCACTCAGGGGAGAATTCCATCG 

ACTGCTCGCTCATGTCCCCTGCCATTATAGT 


5325 


ACTATAATGGCAGGGGACATGAGCGAGCAGTCGATGGAATTCTCC 
CCTGAGTGCCTCGCACTCACCACCATGAAGAATGCATTfiAOAGTn 
TTCTGATAAGAGCTGAGCCCATCAAAGACTG 


5326 


GGTGGTGAGTGCGAGGC 


5327 


GCCTCGCACTCACCACC 


5328 [ 


Freezing Tolerance 
proline oxidase 
precursor 

Arabidopsis thaliana 

Arg7Term 

CGA-TGA 


1 1 1 1 1 1 1 IGI 1 1 ICGI 1 1 1 CAAAAACAAAA 1 C 1 1 IGAAI 1 1 IAIGGCA 
ACCCGTCTTCTCTGAACAAACTTTATCCGGCGATCTTACCGTTTAC 
CCGCI 1 1 1 AGCCCGGTGGGTCCTCCCA 


5329 


TGGGAGGACCCACCGGGCTAAAAGCGGGTAAACGGTAAGATCGC 
CGGATAAAGTTTGTTCAGAGAAGACGGGTTGCCATAAAATTCAAA 
GATTTTGI 1 1 1 1 GAAAACGAAAACAAAAAAAA 


5330 


GTCTTCTCIGAACAAAC 


5331 


GTTTGTTCAGAGAAGAC 


5332 


Freezing Tolerance 
proline oxidase 
precursor 

Arabidopsis thaliana 

Arg13Term 

CGA-TGA 


TP AAAAAPAAA ATP IMP A A 1 1 1 1 ATPPP A A PPPPTPTTPTP AP A A 

lOAAAAAUAAAAlUl 1 loAAl 1 1 IAIooLAAOUUolL>l IOIUAoAA 

CAAACTTTATCCGGTGATCTTACCGTTTACCCGCI 1 1 IAGCCCGGT 
GGGTCCTCCCACCGTGACTGCTTCCACCG 


5333 


ppptpp a appaptpappptpppappappp appppppta a a app 
Loo 1 ooAAoOAo 1 OAuoo 1 000A00AL1L.OAL.O0000 1 AAAAbO 

GGGTAAACGGTAAGATCACCGGATAAAGTTTGTTCTGAGAAGACG 
GGTTGCCATAAAATTCAAAGA 1 1 1 IGI 1 1 1 IGA 


5334 


TTATCCGGIGATCTTAC 


5335 


GTAAGATCACCGGATAA 


5336 


Freezing Tolerance 
proline oxidase 
precursor 

Arabidopsis thaliana 

Tyr15Term 

TAC-TAG 


AAAAIUI 1 IGAAI 1 1 IAIGGCAACCCGICI rCTCCGAACAAACl 1 IA 
TCCGGCGATCTTAGCGTTTACCCGCTTTTAGCCCGGTGGGTCCTC 
CCACCGTGACTGCnCCACCGCCGTCGTC 


5337 


GACGACGGCGGTGGAAGCAGTCACGGTGGGAGGACCCACCGGG 
CTAAAAGCGGGTAAACGCTAAGATCGCCGGATAAAGTTTGTTCGG 
AGAAGACGGGTTGCCATAAAATTCAAAGA 1 1 1 1 


5338 


CGATCTTAGCGTTTACC 


5339 


GGTAAACGCTAAGATCG 


5340 
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Freezing Tolerance 
proline oxidase 
precursor 

Arabidopsis thaliana 

Leu17Term 

TTA-TAA 


CTTTGMTTTTATGGCMCCCGTCTTCTCCGMCAMCTTTATCC 

will VJrVi 1 1 1 mi uUvnAwwuVJ lul 1 wl vvUnnvnAnU 1 1 1 #i 1 ul/U 

GCGATCTTACCGTTAACCCGCTTTTAGCCCGGTGGGTCCTCCCAC 
CGTGACTGCTTCCACCGCCGTCGTCCCGGA 


5341 


TO^RGRAnRACRGRfifiTRfiAARnARTCAnRRTfififiAfifiAGCRA 
CCGGGCTAAAAGCGGGTTAACGGTAAGATCGCCGGATAAAGTTTG 
TTCGGAGAAGACGGGTTGCCATAAAATTCAAAG 


5342 




5343 


AAGCGGGTTAACGGTAA 


5344 


Freezing Tolerance 
proline oxidase 
precursor 

Arabidopsis thaliana 

Gly42Term 

GGA-TGA 


ULGG 1 GGG 1 00 1 OOOAOOb 1 bAO 1 GO 1 1 OOAOObOOb 1 Uu 1 OOO 
GGAGATTCTCTCCTTTTGACAACMGCACCGGAACCACCTCTTCA 
CCACCCAAAACCCACCGAGCAATCTCACGATG 


5345 


nflTn PT/-1 iaa 1 1 AOTO/'/^TPOO 1 1 1 1 Pf^PTr'^TP A A O A HOTBOT 

CATCGTGAGATTGCTCGGTGGGI 1 1 1 GGGTGGTGAAGAGGTGGT 
TCCGGTGCTTGTTGTCAAAAGGAGAGAATCTCCGGGACGACGGC 
GGTGGAAGCAGTCACGGTGGGAGGACCCACCGG 


5346 


TCTCCTnTGACAACAA 


5347 


TTGTTGTCAAAAGGAGA 


5348 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 
Arabidopsis ihaiiana 
Arg4Term 
CGA-TGA 


ArATRAARrARTRAAATrTrTRTTTRTATTRAATrTTATTARTRTRA 

/AO/A I OnnOUAVj 1 \Jr\r\r\ 1 u 1 tj 1 O 1 1 IOIAI 1 OAVA 1 Ul Inl 1 /AO 1 w 1 un 

AACTATGAATTTCTGACAAGAGAAGTTTGTAAGGTCAGTGTTCCAG 
ATTTGTCTCATTGAATTCTAAGTCGTGA 


5349 


TRAPfiARTTARAATTPAATRAf5APAAATRTf5f3AAr'ARTfiAPPTTAr > 

AAACTTCTCTTGTCAGAAATTCATAGTTTGAGACTMTAAGATTCAA 
TACAAACAGAGATTTCACTGCTTCATGT 


5350 


TGAATTTCIGACAAGAG 


5351 


CTCTTGTCAGAMTTCA 


5352 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 
Arabidopsis thaliana 
Gln5Term 
CAA-TAA 


T^A ftPPA r»Tr> A a AT^TATr^l 1 [OTATTf^A A T^TT A TT A ^TPTO A A A/"* 

1 GAAGOAb 1 bAAATOTOTbTITGTAn bMTCTTATTAGToTCAAAO 
TATGAATTTCCGATAAGAGAAGTTTGTAAGGTCAGTGTTCCAGATT 
TGTCTCATTGAATTCTAAGTCGTGAAGC 


5353 


r*r , TTf* Ar , r > APTTAr > A attva at/-" apapa a atcmvoa Ar'ArnvAirr 
GO 1 1 OAObAO 1 1 AGAA 1 1 OAA 1 bAbAOAAA 1 0 1 bbAAOAO 1 bAOO 1 

TACAAACTTCTCTTATCGGAAATTCATAGTTTGAGACTAATAAGATT 

CMTACAAACAGAGATTTCACTGCTTCA 


5354 


ATTTCCGATAAGAGAAG 


5355 


CTTCTCTTATCGGAAAT 


5356 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 
Arabidopsis thaliana 
Glu6Term 
GAG-TAG 


AGCAGTGAAATCTCTGnTGTATTGAATCTTATTAGTCTCAAACTAT 
GMTTTCCGACAATAGAAGTTTGTAAGGTCAGTGTTCCAGATTTGT 
CTCATTGAATTCTAAGTCGTGAAGCTTA 


5357 


TAAGCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGA 

CCTTACAAACTTCTATTGTCGGAAATTCATAGTTTGAGACTAATAA 

GATTCAATACAAACAGAGATTTCACTGCT 


5358 
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TCCGACAAIAGAAGTTT 


5359 


AAACTTCTATTGTCGGA 


5360 


Lead Tolerance . 
cyclic nucleotide- 
regulated ion channel 
Arabidopsis thaliana 
Lys7Term 
AAG-TAG 


A ^Tp A A ATATATA 1 1 1 OX ATX/-* A ATOTTATTA ATATAA A AATATAA A 

AbTbAAATC/TLTb 1 1 1 GTATTGMTCTTATTAGTCTCAMCTATGAA 
TTTCCGACAAGAGTAGTTTGTAAGGTCAGTGTTCCAGATTTGTCTC 
ATTGAATTCTAAGTCGTGAAGCTTAATr 


5361 


A A 1 1 A A O A'| 1'^ ArtAA ATT AAA A TTA A A T/^ AOA/>A A A TOTA OA A A 

MTTMGCTTCACGACTTAGMTTCAATGAGACAAATCTGGAACAC 
TGACCTTACAAACTACTCTTGTCGGAAATTCATAGTTTGAGACTAA 
TAAGATTCAATACAAACAGAGATTTCACT 


5362 


GACAAGAGIAGTTTGTA 


5363 


TACAAACTACTCTTGTC 


5364 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 
Arabidopsis thaliana 
Gln12Term 
CAA-TAA 


f \ A "|"|"^% A A TT/"\"T" A A /"^T/"N ATA A A AA 1 1 A A ' T 1 A^^ A 1 l'A'l"l'ATTA A ATTT A 

CAnGMTTCTAAGTCGTGAAGCTTAATTCGATTCTTCTTCACTTTC 

TCGGATCAGGTTTTAAGATTGGAAGTCGGATAAGACTTCCTCCGA 

CGTGGAATATTCCGGTAAAAACGAGATTC 


5365 


r\ A A T/"\T/">/"^ 1 ! 1 1 1 A /*\/%/^ /"> A A "T" AT^T*AA A A^%TA^\,A A A^> A A ATATT A TA 

GAATCTCGl 1 1 1 lACCGGMTATTCCACGTCGGAGGAAGTCTTATC 

CGACTTCCAATCTTAAAACCTGATCCGAGAAAGTGAAGAAGAATC 

GAATTAAGCTTCACGACTTAGAATTCAATG 


5366 


TCAGGTmAAGATTGG 


5367 


CCAATCTTAAAACCTGA 


5368 


Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 
binding ion channel 
(CBP4) 

Nicotiana Tabacum 

GlnSTerm 

CAA-TAA 


T A A A A ATA A A TA A AAA A A /"^TT A A A A A /"** t'\ 1 1 A A T A A A ' 1 1 A A AT A A A 

TGGAAGTCAATCCCCCACGTTGAGCAGGTTGATGCATTGGCTAAA 
GTTATGAATCACCGCTAAGACGAGTTTGTGAGGTTTCAGGATTGG 
AAATCAGAG AGAAGCTCTGAGGGAAA 1 IMC 


5369 


A A A A ATTTA A ATA AAA A ATT AT AT AT A A '1' 1' I 'A A A A T A ATA AAA A AT 

GAAAAl 1 ICCCTCAGAGCTTCTCTCTGATTTCCAATCCTGAAACCT 
CACAAACTCGTCTTAGCGGTGATTCATAACTTTAGCCAATGCATCA 
ACCTGCTCAACGTGGGGGATTGACTTCCA 


5370 


ATCACCGCTAAGACGAG 


5371 


CTCGTCTTAGCGGTGAT 


5372 


Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 
binding ion channel 
(CBP4) 

Nicotiana Tabacum 

Gly7Term 

GAG-TAG 


TCAATCCCCCACGTTGAGCAGGTTGATGCATTGGCTAAAGTTATG 
AATCACCGCCAAGACTAGTTTGTGAGGTTTCAGGATTGGAAATCA 
GAGAGAAGCTCTGAGGGAAATTTTCATGCTA 


5373 


TAGCATGAAAATTTCCCTCAGAGCTTCTCTCTGATTTCCAATCCTG 
AAACCTCACAAACTAGTCTTGGCGGTGATTCATAACTTTAGCCAAT 
GCATCAACCTGCTCAACGTGGGGGATTGA 


5374 


GCCAAGACIAGTTTGTG 


5375 


CACAAACTAGTCTTGGC 


5376 
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Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 
binding ion channel 
(CBP4) 

Nicotiana Tabacum 

Gln12Term 

CAG-TAG 


GAGCAGGTTGATGOATTGGu lAAAG 1 1 A 1 GAA 1 L.AUU0H-.AAGAO 
GAGTTTGTGAGGTTTTAGGATTGGAAATCAGAGAGAAGCTCTGAG 
GGAAATTTTCATGCTAAAGGTGGAGTCCACC 


5377 


GGTGGACTCCACC 1 1 1 AGCATGAAAA 1 1 1 CCCK/AGAGO 1 1 U 1 0 1 L. 
TGATTTCCAATCCTAAAACCTCACAAACTCGTCTTGGCGGTGATTC 
ATAACTTTAGCCAATGCATCAACCTGCTC 


5378 


TGAGGTTTTAGGATTGG 


5379 


CCAATCCTAAAACCTCA 


5380 


Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 
binding ion channel 
(CBP4) 

Nicotiana Tabacum 

TrpUTerm 

TGG-TGA 


T/\ A A 1 1 AAA 1 1 ' A "T"/"» A A TO A OO/^OO A A O A A A A ATTTAT 

TGATGCATTGGCTAAAGTTATGAATCACCGCCAAGACGAG 1 1 1 GT 
GAGGTTTCAGGATTGTAAATCAGAGAGAAGCTCTGAGGGAAATTT 
TCATGCTAAAGGTGGAGTCCACCGAAGTAAA 


5381 


1 i t a /\tta/>/nt^A A AT/>A A ^/>TTTAA/^ AT/"* AAA ATTTAAATA A A A A 

TTTACTTCGGTGGACTCCACC 1 1 1 AGCATGAAAA 1 1 ICCCTCAGAG 
CTTCTCTCTGATTTACAATCCTGAAACCTCACAAACTCGTCTTGGC 
GGTGATTCATAACTTTAGCCAATGCATCA 


5382 


CAGGATTGIAAATCAGA 


5383 


TCTGATTTACAATCCTG 


5384 


Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 
binding ion channel 
(CBP4) 

Nicotiana Tabacum 

Lys15Term 

AAA-TAA 


GATGCATTGGCTAAAGTTATGAATCACCGCCAAGACGAGTTTGTG 
AGGTTrCAGGATrGGTMTCAGAGAGAAGCTCTGAGGGAAATTTT 
CATGCTAAAGGTGGAGTCCACCGAAGTAAAG 


5385 


CTTTACTTCGGTGGACTCCACCTnAGCATGAAMTTTCCCTCAGA 
GCTTCTCTCTGATTACCAATCCTGAAACCTCACAAACTCGTCTTGG 
CGGTGATTCATAACTTTAGCCAATGCATC 


5386 


AGGATTGGIAATCAGAG 


5387 


CTCTGATTACCAATCCT 


5388 


Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
GluZTerm 
GAA-TAA 


CTTGAAGAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGG 
TGGAGATAATGATGTAAAGAGAGGACAGATATGTTAGATTTCAGGA 
CTGCAAATCAGAGCAATCTGTTATCTCAG 


5389 


CTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCTAACATA 
TCTGTCCTCTCTTTACATCATTATCTCCACCAGGCGAACAGTTAGC 
AGCTAAGAGTGGTAGATCAATTCTTCAAG 


5390 


TAATGATGIAAAGAGAG 


5391 


CTCTCTTTACATCATTA 


5392 
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Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Arg3Temn 
AGA-TGA 


GMGAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTG 
GAGATAATGATGGMTGAGAGGACAGATATGTTAGATTTCAGGAC 
TGCAAATCAGAGCAATCTGTTATCTCAGAGA 


5393 


TCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCTAAC 
ATATCTGTCCTCTCATTCCATCATTATCTCCACCAGGCGAACAGTT 
AGCAGCTMGAGTGGTAGATCAATTCTTC 


1 5394 


TGATGGAATGAGAGGAC 


5395 


GTCCTCTCATTCCATCA 


i 5396 


Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Glu4Term 
GAG-TAG 


GAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAG 

ATAATGATGGAAAGATAGGACAGATATGTTAGATTTCAGGACTGCA 

AATCAGAGCAATCTGTTATCTCAGAGAACG 


i 5397 


CGTTCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCT 
AACATATCTGTCCTATCTTTCCATCATTATCTCCACCAGRrfiAArA 
GTTAGCAGCTAAGAGTGGTAGATCAATTC 


5398 


TGGAAAGATAGGACAGA 


5399 


TCTGTCCTATCTTTCCA 


5400 


Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Arg6Term 
AGA-TGA 


ATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAGATAATG 
ATGGAAAGAGAGGACTGATATGTTAGATTTCAGGACTGCAAATCA 
GAGCAATCTGTTATCTCAGAGAACGCAGTTT 


! 5401 


AAACTGCGTTCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTG 

AAATCTAACATATCAGTCCTCTCTTTCCATCATTATCTCCACCAGG 

CGAACAGTTAGCAGCTAAGAGTGGTAGAT 


5402 


GAGAGGACTGATATGTT 


5403 


AACATATCAGTCCTCTC 


5404 


Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Tyr7Term 
TAT-TAG 


CCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAGATAATGATGGA 
AAGAGAGGACAGATAGGTTAGATTTCAGGACTGCAAATCAGAGCA 
ATCTGTTATCTCAGAGAACGCAGTTTCACCA 


5405 


TGGTGAAACTGCGTTCTCTGAGATAACAGATTGCTCTGATTTGCAG 
TCCTGAMTCTAACCTATCTGTCCTCTCTTTCCATCATTATCTCCAC 
CAGGCGAACAGTTAGCAGCTAAGAGTGG 


5406 


GACAGATAGGTTAGATT 


5407 


AATCTAACCTATCTGTC 


5408 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Arabidopsis thaliana 

Glu2Term 

GAG-TAG 


ATCCnCTCTGAGAAAAMCAACAGATCCGAATTTTATCTTTAATCA 
GCCGGAAAAMTGTAGAAAGCGATCGAGAGACAACGCGTTCTTCT 
TGAGCATCTCCGACCTTCTTCTTCTTCTT 


5409 


MGMGMGMGMGGTCGGAGATGCTCAAGAAGAACGCGTTGTC 
TCTCGATCGCTTTCTACA 1 1 1 1 1 1 CCGGCTGATTAAAGATAAAATTC 
GGATCTGTTGTTTTTTCTCAGAGAAGGAT 


5410 
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AAAAAATGIAGAMGCG 


5411 




CGCTTTCTACAI 1 1 1 1 1 


5412 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


CTTCTCTGAGAAAAAACAACAGAl CCGMI 1 1 IAICTTTMTCAGC 

CGGAAAAAATGGAGTAAGCGATCGAGAGACAACGCGTTCTTCTTG 

AGCATCTCCGACCTTCTTCTTCTTCTTCGC 


5413 


Arabidopsis thaliana 

Lys3Term 

AAA-TAA 


GCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAAGAACGCGT 
TGTCTCTCGATCGCTTACTCCA 1 1 1 1 1 1 CCGGCTGATTAAAGATAA 
AATTCGGATCTGTTGTTTTTTCTCAGAGAAG 


5414 




AAATGGAGIMGCGATC 


5415 




GATCGCTTACTCCATTT 


5416 I 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


GAAAAAACAACAGATCCGAATTTTATCTTTAATCAGCCGGAAAAAA 
TGGAGAAAGCGATCTAGAGACAACGCGTTCTTCTTGAGCATCTCC 
GACCTTCTTC7TCTTCTTCGCACAA7TACG 


5417 


Arabidopsis thaliana 

Glu6Term 

GAG-TAG 


CGTAATTGTGCGAAGMGAAGAAGAAGGTCGGAGATGCTCAAGAA 
GAACGCGTTGTCTCTAGATCGCTTTCTCCAI 1 1 1 1 ICCGGCTGATT 
AAAGATAAAATTCGGATCTGTTG 1 1 1 1 1 IC 


5418 




AAGCGATCTAGAGACAA 


5419 




TTGTCTCTAGATCGCTT 


5420 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


AAMCMCAGATCCGMTTTTATCTTTAATCAGCCGGAAAAAATGG 
AGAAAGCGATCGAGTGACAACGCGTTCTTCTTGAGCATCTCCGAC 
CTTCTTCTTCTTCTTCGCACAATTACGAGG 


5421 


Arabidopsis thaliana 

Arg7Term 

AGA-TGA 


CCTCGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAA 
GAAGAACGCGTTGTCACTCGATCGCTTTCTCCA 1 1 1 1 1 ICCGGCT 
GATTAAAGATAAAATTCGGATCTGTTG 1 1 1 1 


5422 




CGATCGAGTGACAACGC 


5423 




GCGTTGTCACTCGATCG 


5424 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


ACAACAGATCCGAATTTTATCTTTAATCAGCCGGAAAAAATGGAGA 
MGCGATCGAGAGATMCGCGTTCTTCTTGAGCATCTCCGACCTT 
CTTCTTCTTCTTCGCACAATTACGAGGCTT 


5425 


Arabidopsis thaliana 

Gln8Term 

CAA-TAA 


MGCCTCGTAATTGTGCGAAGMGAAGAAGAAGGTCGGAGATGCT 
CAAGAAGAACGCGTTATCTCTCGATCGCTTTCTCCA 1 1 1 1 1 ICCGG 
CTGATTAAAGATAAAATTCGGATCTGTTGT 


5426 




TCGAGAGATAACGCGTT 


5427 




AACGCGTTATCTCTCGA 


5428 
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2,4-DB resistance 

glyoxysomal beta- 

ketoacyol-thiolase 

precursor 

Brassica napus 

Glu26Term 

GAA-TAA 


GAGAGACAAAGAGTTCTTCTTGMCATCTCCGTCCTTCTTCTTCTT 

CCTCTCACAGCTTTTAAGGCTCTCTCTCTGCTTCAGCTTGC7TGGC 

TGGGGACAGTGCTGCGTATCAGAGGACCT 


5429 


AGGTCCTCTGATACGCAGCACTGTCCCCAGCCAAGCAAGCTGAA 
GCAGAGAGAGAGCCTTAAAAGCTGTGAGAGGAAGAAGAAGAAGG 
ACGGAGATGTTCAAGAAGAACTCTTTGTCTCTC 


5430 


ACAGCTTTTAAGGCTCT 


5431 


AbAbOU 1 1 AAAAbU 1 b 1 


543z 


2,4-DB resistance 

glyoxysomal beta- 

ketoacyol-thiolase 

precursor 

Brassica napus 

Ser32Term 

TCA-TGA 


TTGAACATCTCCGTCCTTCTTCTTCTTCCTCTCACAGCTTTGAAGG 
CTCTCTCTCTGCTTGAGCTTGCTTGGCTGGGGACAGTGCTGCGTA 
TCAGAGGACCTCTCTCTATGGAGATGATGT 


5433 


ACATCATCTCCATAGAGAGAGGTCCTCTGATACGCAGCACTGTCC 
CCAGCCAAGCAAGCTCAAGCAGAGAGAGAGCCTTCAAAGCTGTG 
AGAGGAAGAAGAAGAAGGACGGAGATGTTCAA 


5434 


CTCTGCTTGAGCTTGCT 


5435 


AGCAAGCTCAAGCAGAG 


5436 


2,4-DB resistance 

glyoxysomal beta- 

ketoacyol-thiolase 

precursor 

Brassica napus 

Cys34Term 

TGC-TGA 


TCTCCGTCCTTCTTCTTCTTCCTCTCACAGCTTTGAAGGCTCTCTC 

TCTGCTTCAGCTTGATTGGCTGGGGACAGTGCTGCGTATCAGAG 

GACCTCTCTCTATGGAGATGATGTAGTCATT 


5437 


AATGACTACATCATCTCCATAGAGAGAGGTCCTCTGATACGCAGC 

ACTGTCCCCAGCCAATCAAGCTGAAGCAGAGAGAGAGCCTTCAAA 

GCTGTGAGAGGAAGAAGAAGAAGGACGGAGA 


5438 


TCAGCTTGATTGGCTGG 


5439 


CCAGCCAATCAAGCTGA 


5440 


2,4-DB resistance 

glyoxysomal beta- 

ketoacyol-thiolase 

precursor 

Brassica napus 

Leu35Term 

TTG-TAG 


TCCGTCCTTCTTCTTCTTCCTCTCACAGCTTTGAAGGCTCTCTCTC 
TGCTTCAGCTTGCTAGGCTGGGGACAGTGCTGCGTATCAGAGGA 
CCTCTCTCTATGGAGATGATGTAGTCATTGT 


5441 


ACAATGACTACATCATCTCCATAGAGAGAGGTCCTCTGATACGCA 
GCACTGTCCCCAGCCTAGCAAGCTGAAGCAGAGAGAGAGCCTTC 
AAAGCTGTGAGAGGAAGAAGAAGAAGGACGGA 


5442 


AGCTTGCTAGGCTGGGG 


5443 


CCCCAGCCTAGCAAGCT 


5444 
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2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-thiolase 


TCACAGCTTTGAAGGCTCTCTCTCTGCTTCAGCTTGCTTGGCTGG 

GGACAGTGCTGCGTAGCAGAGGACCTCTCTCTATGGAGATGATGT 

AGTCATTGTTGCGGCACATAGGACTGCACTA 


5445 


precursor 
Brassica napus 
Tyr42Term 


TAGTGCAGTCCTATGTGCCGCAACAATGACTACATCATCTCCATA 

GAGAGAGGTCCTCTGCTACGCAGCACTGTCCCCAGCCAAGCAAG 

CTGAAGCAGAGAGAGAGCCTTCAAAGCTGTGA 


5446 


TAT-TAG 


GCTGCGTAGCAGAGGAC 


5447 




GTCCTCTGCTACGCAGC 


5448 


2,4-DB resistance 
3-ketoacyl-CoA 
thiolase B 


CAACAGACAGCAAGTGTTGCTCCAGCATCTCCGCCCTTCTAATTC 

TTCTTCTCACAATTAGGAGTCCGCTCTTGCCGCATCAGTATGTGCT 

GCAGGGGATAGCGCCGCATATCATAGGGCT 


5449 


Mangifera indica 

Tyr25Term 

TAC-TAG 


AGCCCTATGATATGCGGCGCTATCCCCTGCAGCACATACTGATGC 

GGCAAGAGCGGACTCCTAATTGTGAGAAGAAGAATTAGAAGGGC 

GGAGATGCTGGAGCAACACTTGCTGTCTGTTG 


5450 




CACAATTAGGAGTCCGC 


5451 




GCGGACTCCTAATTGTG 


5452 


2,4-DB resistance 
3-ketoacyol-CoA 
thiolase B 


AACAGACAGCAAGTGTTGCTCCAGCATCTCCGCCCTTCTAATTCTT 

CTTCTCACMTTACTAGTCCGCTCTTGCCGCATCAGTATGTGCTG 

CAGGGGATAGCGCCGCATATCATAGGGCTT 


5453 


Magnifera indica 

Glu26Term 

GAG-TAG 


AAGCCCTATGATATGCGGCGCTATCCCCTGCAGCACATACTGATG 

CGGCAAGAGCGGACTAGTAATTGTGAGAAGAAGMTTAGAAGGG 

CGGAGATGCTGGAGCAACACTTGCTGTCTGTT 


5454 




ACMTTACIAGTCCGCT 


5455 




AGCGGACTAGTAATTGT 


5456 


2,4-DB resistance 
3-ketoacy\ol-CoA 
thiolase B 


TCCAGCATCTCCGCCCTTCTAATTCTTCTTCTCACAATTACGAGTC 
CGCTCTTGCCGCATGAGTATGTGCTGCAGGGGATAGCGCCGCAT 
ATCATAGGGCTTCTGTTTATGGAGACGATGT 


5457 


Mangifera indica 

Ser32Term 

TCA-TGA 


ACATCGTCTCCATAAACAGAAGCCCTATGATATGCGGCGCTATCC 

CCTGCAGCACATACTCATGCGGCAAGAGCGGACTCGTAATTGTGA 

GMGAAGAATTAGAAGGGCGGAGATGCTGGA 


5458 




TGCCGCATG.AGTATGTG 


5459 




CACATACTCATGCGGCA 


5460 
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2,4-DB resistance 
3-ketoacyl-CoA 
thiolase B 
Mangifera indica 
Cys34Term 
TGT-TGA 


TrHTT^PPPTTPT A ATTPTTPTTPTP AOA ATT A A rTPPPPTPTT 

1 1/ 1 LLroLUU II U 1 AA 1 1 0 1 1 0 1 1 0 1 OAOAA 1 1 AObAo 1 L»UbU loll 

GCCGCATCAGTATGAGCTGCAGGGGATAGCGCCGCATATCATAG 
GGCTTCTGTTTATGGAGACGATGTGGTGATT 


5461 


A AT("* AOC Af ATWrnVf* ATA AffW^TATf* ATAT/" > /'VW^ 

AA 1 OAOOAOA 1 Ob 1 0 1 L.OA 1 AAAOAbAAbOOU 1 A 1 bA 1 A 1 bbbbb 

GCTATCCCCTGCAGCTCATACTGATGCGGCAAGAGCGGACTCGT 
AATTGTGAGAAGAAGAATTAGAAGGGCGGAGA 


5462 


TCAGTATGAGCTGCAGG 


5463 


CCTGCAGCTCATACTGA 


5464 


2,4-DB resistance 
3-ketoacyl-CoA 
thiolase B 
Mangifera indica 
Tyr42Term 
TAT-TAG 


1 UAOAA 1 1 AObAb 1 OLbU 1 L» 1 1 bOLbLA 1 UAb 1 A 1 b 1 bL \ bOAbb 

GGATAGCGCCGCATAGCATAGGGCTTCTGTTTATGGAGACGATGT 
GGTGATTGTGGCAGCTCATCGTACTGCACTT 


5465 


MbTb0AbTACb7\TbAGCTbCCAOMT0ACL.AOATbbTCTCCATA 
AACAGMGCCCTATGCTATGCGGCGCTATCCCCTGCAGCACATAC 
TGATGCGGCAAGAGCGGACTCGTMTTGTGA 


5466 


GCCGCATAgCATAGGGC 


5467 


GCCCTATGCTATGCGGC 


5468 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Cucumis sativus 

Tyr22Term 

TAC-TAG 


GAAGGCGATCAACAGGCAGAGCATTTTGCTACATCATCTCCGGCC 
TTCTTCTTCCGCTTAGACAAATGAATCTTCGCTCTCTGCATCGGTT 
TGTGCAGCTGGGGATAGTGCTTCGTATCAA 


5469 


TTGATACGAAGCACTATCCCCAGCTGCACAMCCGATGCAGAGAG 
CGAAGATTCATTTGTCTAAGCGGAAGAAGAAGGCCGGAGATGATG 
TAGCAAAATGCTCTGCCTGTTGATCGCCTTC 


5470 


TCCGCTTAGACAAATGA 


5471 


TCA" 


ITTGTCTAAGCGGA 




5472 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Cucumis sativus 

Glu25Term 

GAA-TAA 


A 1 CAACAGGCAGAGCA 1 1 1 rGCTACATCATCTCCGGCCTTCl ICI 1 
CCGCTTACACAAATTAATCTTCGCTCTCTGCATCGGTTTGTGCAGC 
TGGGGATAGTGCTTCGTATCAAAGGACAT 


5473 


ATGTCCTTTGATACGAAGCACTATCCCCAGCTGCACAAACCGATG 
CAGAGAGCGAAGATTAATTTGTGTAAGCGGAAGAAGAAGGCCGG 
AGATGATGTAGCAAAATGCTCTGCCTGTTGAT 


5474 


ACACAAATTAATCTTCG 


5475 


CGAAGATTAATTTGTGT 


5476 
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Phenotype, Gene^ 1 
.Plants Targeted I 
Alteration ' , f 


• 


i 

, Altering Oligos 


• • 

■ 

'■v/////V,V?. 


-\ . 

SEQ lb:; 

NO; 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


fifinARAGCATTnRnTACATCATCTCCGGCCTTCTTCTTCCGCTTA 
CACAAATGAATCTTAGCTCTCTGCATCGGTTTGTGCAGCTGGGGA 
TAGTGCTTCGTATCAAAGGACATCGGTGTT 


5477 


Cucumis sativus 

Ser27Term 

TCG-TAG 


AArArrRATfiTPrTTTRATACGAAfiCACTATCCCCAGCTGCACAA 
ACCGATGCAGAGAGCTAAGATTCATTTGTGTAAGCGGAAGAAGAA 
GGCCGGAGATGATGTAGCAAAATGCTCTGCC 


5478 


1 bAA 1 L 1 1 AbO 1 L 1 1» I b 


5479 


CAGAGAGCIAAGATTCA 


5480 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Cucumis sativus 

Ser31Term 

TCG-TAG 


TnPTAPATrATrTrr^nrrTTrTTrTTPr^nTTArArAAATfiAATn 
TTCGCTCTCTGCATAGGTTTGTGCAGCTGGGGATAGTGCTTCGTA 
TCAAAGGACATCGGTGTTTGGAGATGATGT 


5481 


ArATrATrTrrAAArArCRATRTrrTTTfiATACRAARCACTATCCG 

CAGCTGCACAAACCTATGCAGAGAGCGAAGATTCATTTGTGTAAG 

CGGAAGAAGAAGGCCGGAGATGATGTAGCA 


5482 


bib I bLA 1 Abb 1 1 1 b 1 b 


5483 


CACAAACCIATGCAGAG 


5484 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Cucumis sativus 

Cys33Term 

TGT-TGA 


TPATrTrr^^rrTTPTTPTTrrr^rTTArAPAAAT^AATrTTrRrTr 
TCTGCATCGGTTTGAGCAGCTGGGGATAGTGCTTCGTATCAAAGG 
ACATCGGTGTTTGGAGATGATGTCGTGATT 


5485 j 


AATPArf5ArATrATrTrrAAAr i ArPr5ATf5TPPTTTfiATArf?AAf5rA 

CTATCCCCAGCTGCTCAAACCGATGCAGAGAGCGAAGATTCATTT 
GTGTAAGCGGAAGAAGAAGGCCGGAGATGA 


5486 


TCGG 1 1 1 GAGCAGCTGG 


5487 


CCAGCTGCTCAAACCGA 


5488 


2,4-DB resistance 

3-ketoacyl-CoA i 

thiolase 

Cucurbita sp. 

Tyr22Term 

TAT-TAG 


GAAGGCAATCAACAGGCAGAGCATTCTGCTACATCATCTCCGGCC 
TTCATCTTCGGCTTAGAGCCATGAATCTTCGCTCTCTGCATCGGTT 
TGTGCAGCTGGGGATAGTGCGTCGTATCAA 


5489 


TTGATACGACGCACTATCCCCAGCTGCACAAACCGATGCAGAGAG 

CGAAGATTCATGGCTCTAAGCCGAAGATGAAGGCCGGAGATGAT 

GTAGCAGAATGCTCTGCCTGTTGATTGCCTTC 


5490 


TCGGCTTAGAGCCATGA 


5491 


TCATGGCTCTAAGCCGA 


5492 
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Phenotype, Gene, 
riani & gaieo 
Alteration 


- 

< 

Attermg ungos 


SEQID 
NO; 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


ATCAACAGGCAGAGCATTCTGCTACATCATCTCCGGCCTTCATCTT 

CGGCTTATAGCCATTAATCTTCGCTCTCTGCATCGGTTTGTGCAG 

CTGGGGATAGTGCGTCGTATCAAAGAACGT 


5493 


Cucurbita sp. 

Glu25Term 

GAA-TAA 


ACGTTCTTTGATACGACGCACTATCCCCAGCTGCACAMCCGATG 
CAGAGAGCGMGATTAATGGCTATAAGCCGAAGATGMGGCCGG 
AGATGATGTAGCAGAATGCTCTGCCTGTTGAT 


; 5494 




ATAGCCATTAATCTTCG 


5495 




CGAAGATTAATGGCTAT 


5496 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


GGCAGAGCATTCTGCTACATCATCTCCGGCCTTCATCTTCGGCTT 
ATAGCCATGAATCTTAGCTCTCTGCATCGGTTTGTGCAGCTGGGG 
ATAGTGCGTCGTATCAAAGAACGTCGGTGTT 


5497 


Cucurbita sp. 

Ser27Term 

TCG-TAG 


AACACCGACGTTCTTTGATACGACGCACTATCCCCAGCTGCACAA 
ACCGATGCAGAGAGCTAAGATTCATGGCTATAAGCCGAAGATGAA 
GGCCGGAGATGATGTAGCAGAATGCTCTGCC 


5498 




TGAATCTTAGCTCTCTG 


5499 




CAGAGAGCTAAGATTCA 


5500 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


TGCTACATCATCTCCGGCCTTCATCTTCGGCTTATAGCCATGAATC 
TTCGCTCTCTGCATAGGTTTGTGCAGCTGGGGATAGTGCGTCGTA 
TCAAAGMCGTCGGTGTTTGGAGATGATGT 


5501 


Cucurbita sp. 

Ser31Term 

TCG-TAG 


ACATCATCTCCAAACACCGACGTTCTTTGATACGACGCACTATCCC 
CAGCTGCACAAACCTATGCAGAGAGCGAAGATTCATGGCTATAAG 
CCGAAGATGMGGCCGGAGATGATGTAGCA 


5502 




CTCTGCATAGGTTTGTG 


5503 




CACAAACCTATGCAGAG 


5504 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


TCATCTCCGGCCTTCATCTTCGGCTTATAGCCATGAATCTTCGCTC 
TCTGCATCGGTTTGAGCAGCTGGGGATAGTGCGTCGTATCAAAGA 
ACGTCGGTGTTTGGAGATGATGTCGTGATA 


5505 


Cucurbita sp. 

Cys33Term 

TGT-TGA 


TATCACGACATCATCTCCAAACACCGACGTTCTTTGATACGACGCA 
CTATCCCCAGCTGCTCAAACCGATGCAGAGAGCGAAGATTCATGG 
CTATAAGCCGAAGATGAAGGCCGGAGATGA 


S 5506 




TCGGTTTGAGCAGCTGG 


5507 




CCAGCTGCICAMCCGA 


5508 


2,4 Db resistance 
Pex14 

Arabidopsis thaliana 


ICAIAGICICI 1 1 IGCCGCI I GGATTCTTCCAAGGTTAGTGAGCTG 

CTATGGCAACTCATTAGCAAACGCAACCTCCTTCCGATnTCCCG 

CTCTTGCCGATGAAAATTCCCAGATTCCAG 


5509 


GlnSTerm 
CAG-TAG 


CTGGAATCTGGGAATTTTCATCGGCAAGAGCGGGAAMTCGGAAG 

GAGGTTGCGTTTGCTAATGAGTTGCCATAGCAGCTCACTAACCTT 

GGAAGMTCCAAGCGGCAAAAGAGACTATGA 


5510 
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: 

Phenotype, Gene, 
Plants Targeted 
Alteration 


\ 




Altering Qligos 


SEQID 

NO; 




CAACTCATTAGCAAACG 


5511 


CGTTTGCTAATGAGTTG 


5512 


2,4 DB resistance 
Pex14 

Arabidopsis thaiiana 

Gln6Term 

CAA-TAA 


t a nxrTr mm czr p n. pttph attpttp p a a n cxtt a hth, a p pt^ pt a 

TGGCAACTCATCAGTAAACGCAACCTCCTTCCGATTTTCCCGCTC 
TTGCCGATGAAAA1TCCCAGATTCCAGGTT 


5513 


A A PPTPP A ATPTPPP A Al 1 HP ATPfV^P A A f*i A PPPP^i A A A ATPf^fi 
AAOO 1 bbAA 1 0 1 booAA INI OA 1 oooOAAoAoUoobAAAA 1 Oob 

AAGGAGGTTGCGTTTACTGATGAGTTGCCATAGCAGCTCACTAAC 
CTTGGAAGAATCCAAGCGGCAAMGAGACTA 


5514 


CTCATCAGTAAACGCAA 


5515 


TTGCGTTTACTGATGAG 


5516 


2,4 DB resistance 
Pex14 

Arabidopsis thaiiana 

Gln8Term 

CAA-TAA 


bl 1 1 IbLLbbl IbbAI lul llA/AAbbl 1 AblbAbblbblAlbbbA 
ACTCATCAGCAAACGTAACCTCCTTCCGATTTTCCCGCTCTTGCC 
GATGAAAATTCCCAGATTCCAGGTTCAATTT 


5517 


AAA 1 1 bAAUO 1 bbAA 1 b 1 bbbAA 1 1 1 1 bA 1 bbbbAAbAbbbbbAA 

AATCGGAAGGAGGTTACGTTTGCTGATGAGTTGCCATAGCAGCTC 
ACTAACCTTGGAAGAATCCAAGCGGCAAAAG 


5518 


AGCAAACGTAACCTCCT 


5519 


AGGAGGTTACGTTTGCT 


5520 


2,4 DB resistance 
Pex14 

Arabidopsis thaiiana 

Glu19Term 

GAA-TAA 


PPTPPTATPPPA APTPATPAPPA A APPPA APPTPPTTPPP A 1 M 1 

oL» 1 1 A 1 bbuAAO 1 UA 1 UAoOAAAOoOAAOO 1 00 1 1 OObA Mil 

CCCGCTCTTGCCGATrAAAATTCCCAGATTCCAGGTTCAATTTACA 
CCTTCTAATCATTATTTCTTAA 1 Mil CTT 


5521 


A AP A A A A ATT A AP A A ATA ATP ATT AP A APPTPTA A ATTP A APPTPP 

AAbAAAAA 1 1 AAbAAA 1 AA 1 vjA 1 1 AbAAob 1 b 1 AAAI 1 bAAUo 1 bb 

AATCTGGGAAI 1 1 1 AATCGGCAAGAGCGGGAAAATCGGAAGGAG 
GTTGCGTTTGCTGATGAGTTGCCATAGCAGC 


5522 


TTPPrPATTA A A ATTPP 

TTGCCGATTAAAATTCC 


5523 


GGAATTTTAATCGGCAA 


i 5524 


2,4 DB resistance 
Pex14 

Arabidopsis thaiiana 

Gln22Term 

CAG-TAG 


GCAACTCATCAGCAAACGCAACCTCCTTCCGATTTTCCCGCTCTT 
GCCGATGAAAATTCCTAGATTCCAGGTTCAATTTACACCTTCTAAT 
CATTATTTCTTAAI 1 1 1 1 CTTTGGTGGATT 


5525 


AATCCACCAAAGAAAAATTAAGAAATAATGATTAGAAGGTGTAAATT 
GAACCTGGAATCTAGGaATTTTCATCGGCAAGAGCGGGAAAATCG 
GAAGGAGGTTGCGTTTGCTGATGAGTTGC 


5526 


AAAATTCCTAGATTCCA 


5527 


IGGAAICIAGGAAI 1 1 1 


5528 
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Example 8 

Production of albino mutants for the analysis of photosynthetic processes 

Plant productivity is limited by resources available and the ability of plants to harness these 
resources. The conversion of light to chemical energy, which is then used to synthesize carbohydrates, fatty 
acids, sugars, amino acids and other compounds, requires a complex system which combines the light 
harvesting apparatus of pigments and proteins. The value of light energy to the plant can only be realized 
when it is efficiently converted into chemical energy by photosynthesis and fed into various biochemical 
processes. Significant effort has therefore been directed at studying photosynthetic processes in plants in 
order to improve productivity and/or the efficiency of photosynthesis. The analysis of the photosynthetic 
process is substantially aided by the ability to produce albino plants. 

The attached table discloses exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations in genes involved in starch metabolism. 
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Table 18 

Oligonucleotides to produce albino plants 



Phenotype, Gene, 
Plants Targeted 
Alteration ' • 


Altering Oligos 


- 

• 

■ ■■■■ ■ ■ ■■■ ■ , ; 


SEQID 

NO: 


White leaves 
Immutans 

Arabidopsis thaliana 

SerSTerm 

TCA-TGA 


■rrrt i i i pfTr'TP a a att ATr > Tr > r > Tr* a a atp i i i r > f v TTr , r , Tr > Ar > /" > r > a r* 
1 101 1 ILblblbAAAl IAILIbLIL.AAAIL.1 1 Ibbl IL-L.lbAL.bbAb 

ATGGCGGCGATTTGAGGCATCTCCTCTGGTACGTTGACGATn'CA 
CGGCCnTGGTTACTCTTCGACGCTCTAG 


OOLv 


CTAGAGCGTCGAAGAGTAACCAAAGGCCGTGAAATCGTCAACGTA 
CCAGAGGAGATGCCTCAAATCGCCGCCATCTCCGTCAGGAACCAA 
AGATTTGAGCAGATAATTTCACAGGAAAGAA 


OOOU 


GGCGATTTGAGGCATCT 


5531 


AGATGCCTCAAATCGCC 


5532 


White leaves 
Immutans 

Arabidopsis thaliana 

Leu12Term 

TTG-TAG 


GCTCAAAIUI 1 Iwwl fCCTGACGGAGATGGCGGUwA 1 1 1UAGGUA 
TnTCCTCTGGTACGTAGACGATTTCACGGCCTTTGGTTACTCTTCG 
ACGCTCTAGAGCCGCCGTTTCGTACAGCTC 


0000 


GAGCTGTACGAAACGGCGGCTCTAGAGCGTCGAAGAGTAACCAAA 
GGCCGTGAAATCGTCTACGTACCAGAGGAGATGCCTGAAATCGCC 
GCCATCTCCGTCAGGAACCAAAGATTTGAGC 




TGGTACGTAGACGATTT 


5535 


AAATCGTCIACGTACCA 


5536 


White leaves 
Immutans 

Arabidopsis thaliana 

Ser15Term 

TCA-TGA 


TTTGGTTCCTGACGGAGATGGCGGCGATTTCAGGCA 1 CTCCTCTG 
GTACGTTGACGATTTGACGGCCTTTGGTTACTCTTCGACGCTCTAG 


5537 


CGGTGAGAGGAGCTGTACGAMCGGCGGCTCTAGAGCGTCGAAG 
AGTAACCAMGGCCGTCAAATCGTCAACGTACCAGAGGAGATGCC 
TGAAATCGCCGCCATCTCCGTCAGGAACCAAA 


5538 


GACGATTTGACGGCCTT 


5539 


MGGCCGTCAAATCGTC 


5540 


White leaves 
Immutans 

Arabidopsis thaliana 

Arg22Term 

CGA-TGA 


GCGGCGATTTCAGGCATCTCCTCTGGTACGTTGACGATTTCACGG 
CCTTTGGTTACTCTTTGACGCTCTAGAGCCGCCGTTTCGTACAGCT 
CCTCTCACCGATTGCTTCATCATCTTCCTC 


5541 


GAGGAAGATGATGAAGCMTCGGTGAGAGGAGCTGTACGAAACG 

GCGGCTCTAGAGCGTCAAAGAGTAACCAAAGGCCGTGAAATCGTC 

AACGTACCAGAGGAGATGCCTGAAATCGCCGC 


5542 


TTACTCTTTGACGCTCT 


5543 


AGAGCGTCAAAGAGTAA 


5544 
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White leaves 
Immutans 

Arabidopsis thaliana 

Arg25Term 

AGA-TGA 


TCAGGCATCTCCTCTGGTACGTTGACGATTTCACGGCCTTTGGTTA 

CTCTTCGACGCTCTTGAGCCGCCGTTTCGTACAGCTCCTCTCACC 

GATTGCTTCATCATCTTCCTCTCTCTTCTC 


SS45 


GAGAAGAGAGAGGAAGATGATGAAGCAATCGGTGAGAGGAGCTG 
TACGAAACGGCGGCTCAAGAGCGTCGAAGAGTAACCAAAGGCCG 
TGAAATCGTCAACGTACCAGAGGAGATGCCTGA 


5546 


GACGCTCTTGAGCCGCC 


5547 


GGCGGCTCAAGAGCGTC 


5548 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Gly11Term 

GGA-TGA 


GATTCTTGTGGGAAGGAAGAAGGATCAAGAATGGCGATTTCGATTT 
CTGCTATGAG 1 1 1 1 TGMCCTCAGTTTCTTCATATTCTTGTTTTAGA 
GCTAGGAGI 1 1 1 GAGAAGTCATCAGTTT 


5549 


AAACTGATGACTTCTCAAAACTCCTAGCTCTAAAACAAGAATATGAA 
GAAACTGAGGTTCAAAAACTCATAGCAGAAATCGAAATCGCCATTC 
TTGATCCTTCTTCCTTCCCACMGAATC 


5550 


TGAGTTTTTGMCCTCA 


5551 


TGAGGTTCAAAAACTCA 


5552 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Ser13Term 

TCA-TGA 


GTGGGMGGAAGAAGGATCAAGMTGGCGATTTCGATTTCTGCTA 
TGAGI 1 1 I GGMCCTGAGTTTCTTCATATTCTTGTTTTAGAGCTAGG 
AG 1 1 1 1 GAGAAG IUAICAGI 1 1 1 ATGCM 


5553 


TTGCATAAAACTGATGACTTCTCAAMCTCCTAGCTCTAAAACAAGA 

ATATGAAGAAACTCAGGTTCCAAAACTCATAGCAGAAATCGAAATC 

GCCATTCTTGATCCTTCTTCCTTCCCAC 


5554 


TGGAACCTGAGTTTCTT 


5555 


AAGAAACTCAGGTTCCA 


5556 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Ser16Term 

TCA-TGA 


mgmggatcmgmtggcgatncgatttctgctatgagttttgg 
mcctcagtttcngatattcttgttttagagctaggagtntgaga 
agtcatcagttttatgcaatTcccagm 


5557 


TTCTGGGAATTGCATAAAACTGATGACTTCTCAAAACTCCTAGCTC 
TAAAACMGAATATCAAGAAACTGAGGTTCCAAAACTCATAGCAGA 
AATCGAAATCGCCATTCTTGATCCTTCTT 


5558 


AGTTTCTTGATATTCTT 


5559 


AAGAATATCAAGAAACT 


5560 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Tyr17Term 

TAT-TAG 


AGGATCMGMTGGCGATTTCGATTTCTGCTATGAGTTTTGGAACC 
TCAGTTTCTTCATAGTCTTGTTTTAGAGCTAGGAG 1 1 1 I GAGAAGTC 
ATCAGTTTTATGCAATTCCCAGAACCCA 


5561 


TGGGTTCTGGGAATTGCATAAAACTGATGACTTCTCAAAACTCCTA 
GCTCTAAAACAAGACTATGAAGAAACTGAGGTTCCAAAACTCATAG 
CAGAAATCGAAATCGCCATTCTTGATCCT 


5562 


TCTTCATAGTCTTGTTT 


5563 


AAACAAGACTATGAAGA 


5564 
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White leaves 

mmutans 

Lycopersicon 

esculentum 

Cys19Term 

TGT-TGA 


MGMTGGCGATTTCGATTTCTGCTATGAGTTTTGGAACCTCAGTT 

TCnCATATTCTTGATTTAGAGCTAGGAGTTTTGAGAAGTCATCAGT 

TTTATGCMTTCCCAGAACCCATGTCGG 


5565 


CCGACATGGGTTCTGGGAATTGCATAAAACTGATGACTTCTCAAAA 
CTCCTAGCTCTAAATCAAGAATATGAAGAAACTGAGGTTCCAAAAC 
TCATAGCAGAAATCGAAATCGCCATTCTT 


5566 


TATTCTTGATTTAGAGC 


5567 


GCTCTAAAICAAGAATA 


5568 


White leaves 
Immutans 
Capsicum annuum 
Ser13Tenm 
TCA-TGA 


CGCGTCCGATAAAAAAATCMGAATGGCGATTTCCATATCTGCTAT 
GAG 1 1 1 1 CGMCTTGAGTnCTTCnCATAnCAGCATTTTTGTGCA 
ATTCCMGMCCCATTTTGTTTGAATTC 


5569 


GAATTCAAACAAAATGGGTTCTTGGAATTGCACAAAMTGCTGAAT 
ATGAAGAAGAAACTCAAGTTCGAAAACTCATAGCAGATATGGAAAT 
CGCCATTCTTGAI 1 1 1 1 1 IATCGGACGCG I 


5570 


TCGAACTTGAGTTTCTT 


5571 


AAGAAACTCAAGTTCGA 


5572 


White leaves 
Immutans 
Capsicum annuum 
Ser17Term 
TCA-TGA 


AAAAATCAAGAATGGCGATTTCCATATCTGCTATGAGTTTTCGAACT 
TCAGTTTCTTCTTGATATTCAGCA 1 1 1 1 1 GTGCMTTCCAAGAACCC 
A7TTTGTTTGAATTCTCTATTTTCACT 


5573 


AGTGAAAATAGAGAATTCAAACAAAATGGGTTCTTGGAATTGCACA 
AAAATGCTGAATATCAAGAAGAAACTGAAGTTCGAAAACTCATAGC 
AGATATGGAAATCGCCATTCTTGA 1 1 1 1 1 


5574 


TTCTTCTTGATATTCAG 


5575 


CTGAATATCAAGMGAA 


5576 


White leaves 
Immutans 
Capsicum annuum 
Ser19Term 
TCA-TGA 


CMGAATGGCGATTTCCATATCTGCTATGAGTTTTCGAACTTCAGT 
TTCTTCTTCATATTG AGCA 1 1 1 1 IGIGCAAI ICCMGAACCCAI 1 1 1 
GTTTGAATTCTCTA 1 1 1 1 CACTTAGGAA 


5577 


TTCCTAAGTGAAAATAGAGAATTCAAACAAAATGGGTTCTTGGAATT 
GCACAAAAATGCTCAATATGAAGAAGAAACTGAAGTTCGAAAACTC 
ATAGCAGATATGGAAATCGCCATTCTTG 


5578 


TTCATATTGAGCATTTT 


5579 


AAAATG CTCAATATGAA 


5580 


White leaves 
Immutans 
Capsicum annuum 
Leu21Term 
TTG-TAG 


CGATTTCCATAI C 1 GC 1 A 1 GAG 1 1 1 ICGAACI ICAGI 1 ICI rCTTCA 
TAnCAGCATTnAGTGCMnCCMGMCCCATTnGTTTGAATTC 
TCTAI 1 1 ICACnAGGAATTCTCATAG 


5581 


CTATGAGAATTCCTAAGTGAAAATAGAGAATTCAAACAAAATGGGTT 

CTTGGAATTGCACTAAAATGCTGAATATGAAGAAGAAACTGAAGTT 

CGAAAACTCATAGCAGATATGGAAATCG 


5582 


AGCATTTTAGTGCAATT 


5583 


MTTGCACTAAAATGCT 


5584 
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White leaves 
Immutans 
Capsicum annuum 
Cys22Term 
TGC-TGA 


TTCCATATCTGC 1 A 1 GAG 1 1 1 ICGAACI ICAGI 1 ICI ICI IUAIAI 1 
CAGCAI IT1 IGIGAAAI ICCAAGAACCGAI 1 1 1 GTTTGAATTCTCTA 
TTTTCACTTAGGAATTCTCATAGAACT 


5585 


AGTTCTATGAGAATTCCTMGTGAAAATAGAGAATTCAAACAAAATG 

GGTTCTTGGAATTTCACAAAAATGCTGAATATGAAGAAGAAACTGA 

AGTTCGAAAACTCATAGCAGATATGGAA 


5586 


TTTTTGTGAAATTCCAA 


5587 


TTGGAATTTCACAAAAA 


5588 


White leaves 
Immutans 
Oryza sativa 
Glu22Term 
GAG-TAG 


TTCGGCACGAGGGAGAAGGAGCAGACCGAGGTGGCCGTCGAGG 

AGTCCTTCCCCTTCAGGTAGACGGCTCCTCCTGACGAGCCACTGG 

TCACCGCCGAGGAGAGCTGGGTGGTTAAGCTCG 


5589 


CGAGCTTAACCACCCAGCTCTCCTCGGCGGTGACCAGTGGCTCG 
TCAGGAGGAGCCGTCTACCTGAAGGGGAAGGACTCCTCGACGGC 
CACCTCGGTCTGCTCCTTCTCCCTCGTGCCGAA 


5590 


CCTTCAGGIAGACGGCT 


5591 


AGCCGTCTACCTGAAGG 


5592 


White leaves 
Immutans 
Oryza sativa 
Glu28Term 
CAG-TAG 


GAGCAGACCGAGGTGGCCGTCGAGGAGTCCTTCCCCTTCAGGGA 
GACGGCTCCTCCTGACTAGCCACTGGTCACCGCCGAGGAGAGCT 
GGGTGGTTAAGCTCGAGCAGTCCGTGAACATTT 


5593 


AAATGTTCACGGACTGCTCGAGCTTAACCACCCAGCTCTCCTCGG 
CGGTGACCAGTGGCTAGTCAGGAGGAGCCGTCTCCCTGAAGGGG 
AAGGACTCCTCGACGGCCACCTCGGTCTGCTC 


5594 


CTCCTGACTAGCCACTG 


5595 


CAGTGGCTAGTCAGGAG 


5596 


White leaves 
Immutans 
Oryza sativa 
Glu34Term 
GAG-TAG 


GTCGAGGAGTCCTTCCCCTTCAGGGAGACGGCTCCTCCTGACGA 
GCCACTGGTCACCGCCTAGGAGAGCTGGGTGGTTAAGCTCGAGC 
AGTCCGTGAACATTTTCCTCACGGAGTCAGTCA 


5597 


TGACTGACTCCGTGAGGAAAATGTTCACGGACTGCTCGAGCTTAA 
CCACCCAGCTCTCCTAGGCGGTGACCAGTGGCTCGTCAGGAGGA 
GCCGTCTCCCTGAAGGGGAAGGACTCCTCGAC 


5598 


TCACCGCCTAGGAGAGC 


5599 


GCTCTCCTAGGCGGTGA 


5600 


White leaves 
Immutans 
Oryza sativa 
Glu35Term 
GAG-TAG 


GAGGAGTCCTTCCCCTTCAGGGAGACGGCTCCTCCTGACGAGCC 
ACTGGTCACCGCCGAGTAGAGCTGGGTGGTTAAGCTCGAGCAGT 
CCGTGAACA 1 1 1 1 CCTCACGGAGTCAGTCATCA 


5601 I 


TGATGACTGACTCCGTGAGGAAAATGTTCACGGACTGCTCGAGCT 
TAACCACCCAGCTCTACTCGGCGGTGACCAGTGGCTCGTCAGGA 
GGAGCCGTCTCCCTGAAGGGGAAGGACTCCTC 


5602 


CCGCCGAGTAGAGCTGG 


5603 


CCAGCTCTACTCGGCGG 


5604 



WO 01/92512 



-119- 



PCT/US01/17672 



White leaves 

Immutans 

Oryzasativa 

Trp37Term 

TGG-TGA 


CTTCCCCTTCAGGGAGACGGCTCCTCCTGACGAGCCACTGGTCAC 
CGCCGAGGAGAGCTGAGTGGTTAAGCTCGAGCAGTCCGTGAACA 
1 1 1 1 CCTCACGGAGTCAGTCATCACGATACTT 


5605 


MGTATCGTGATGACTGACTCCGTGAGGAAAATGTTCACGGACTG 

CTCGAGCTTMCCACTCAGCTCTCCTCGGCGGTGACCAGTGGCTC 

GTCAGGAGGAGCCGTCTCCCTGAAGGGGAAG 


5606 


GAGAGCTGAGTGGTTAA 


5607 


TTAACCACTCAGCTCTC 


5608 


White leaves 
Immutans 
Triticum aestivum 
Trp22Tefm 
TGG-TGA 


TCCGGAGGAGGAAGGGGGATTCGACGAGGAGCTCACCCTCGCCG 

GCGAGGACGGCGACTGAGTCGTCAGATTCGAGCAGTCCTTCAAC 

GTATTCCTCACGGATACTGTCATCTTTATACTC 


5609 


GAGTATAAAGATGACAGTATCCGTGAGGAATACGTTGAAGGACTG 
CTCGMTCTGACGACTCAGTCGCCGTCCTCGCCGGCGAGGGTGA 
GCTCCTCGTCGAATCCCCCTTCCTCCTCCGGA 


5610 


GGCGACTGAGTCGTCAG 


5611 


CTGACGACICAGTCGCC 


5612 


White leaves 
Immutans 
Triticum aestivum 
Arg25Term 
AGA-TGA 


GAGGAAGGGGGATTCGACGAGGAGCTCACCCTCGCCGGCGAGG 
ACGGCGACTGGGTCGTCTGATTCGAGCAGTCCTTCAACGTATTCC 
TCACGGATACTGTCATCTTTATACTCGATATTC 


5613 


GAATATCGAGTATAAAGATGACAGTATCCGTGAGGAATACGTTGAA 
GGACTGCTCGAATCAGACGACCCAGTCGCCGTCCTCGCCGGCGA 
GGGTGAGCTCCTCGTCGAATCCCCCTTCCTC 


5614 


GGGTCGTCTGATTCGAG 


5615 


CTCGAATCAGACGACCC 


5616 


White leaves 
Immutans 
Triticum aestivum 
Glu27Term 
GAG-TAG 


GGGGGATTCGACGAGGAGCTCACCCTCGCCGGCGAGGACGGCG 

ACTGGGTCGTCAGATTCTAGCAGTCCTTCAACGTATTCCTCACGGA 

TACTGTCATCTTTATACTCGATATTCTGTATC 


5617 


GATACAGAATATCGAGTATAAAGATGACAGTATCCGTGAGGMTAC 
GTTGAAGGACTGCTAGAATCTGACGACCCAGTCGCCGTCCTCGCC 
GGCGAGGGTGAGCTCCTCGTCGAATCCCCC 


5618 


TCAGATTCJAGCAGTCC 


5619 


GGACTGCTAGAATCTGA 


5620 


White leaves 
Immutans 
Triticum aestivum 
Gln28Term 
CAG-TAG 


GGATTCGACGAGGAGCTCACCCTCGCCGGCGAGGACGGCGACTG 
GGTCGTCAGATTCGAGTAGTCCTTCMCGTATTCCTCACGGATACT 
GTCATCTTTATACTCGATATTCTGTATCGTG 


5621 


CACGATACAGAATATCGAGTATAAAGATGACAGTATCCGTGAGGAA 
TACGTTGMGGACTACTCGAATCTGACGACCCAGTCGCCGTCCTC 
GCCGGCGAGGGTGAGCTCCTCGTCGAATCC 


5622 


GATTCGAGIAGTCCTTC 


5623 


GAAGGACTACTCGAATC 


5624 
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White leaves 
Immutans 

Triticum aestivum 


CGAGCAGTCCTTCAACGTATTCCTCACGGATACTGTCATCTTTATA 
CTCGATATTCTGTAGCGTGACCGCGACTACGCAAGGTTCTTCGTG 
CTCGAGACCATCGCCAGGGTGCCCTATTTC 


5625 


Tyr46Term 
TAT-TAG 


GAAATAGGGCACCCTGGCGATGGTCTCGAGCACGAAGAACCTTG 
CGTAGTCGCGGTCACGCTACAGAATATCGAGTATAAAGATGACAG 
TATCCGTGAGGAATACGTTGAAGGACTGCTCG 


5626 




ATTCTGTAGCGTGACCG 


5627 




CGGTCACGCTACAGAAT 


5628 
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Example9 
Altering amino acid content of plants 

Another aim of biotechnology is to generate plants, especially crop plants, with added value 
traits. An example of such a trait is improved nutritional quality in food crops. For example, lysine, 

5 tryptophan and threonine, which are essential amino acids in the diet of humans and many animals, are 
limiting nutrients in most cereal crops. Consequently, grain-based diets, such as those based on corn, 
barley, wheat, rice, maize, millet, sorghum, and the like, must be supplemented with more expensive 
synthetic amino acids or amino-acid-containing oilseed protein meals. Increasing the lysine content of these 
grains or of any of the feed component crops would result in significant added value. 

1 0 Naturally occurring mutants of plants that have different levels of particular essential amino 

acids have been identified. However, these mutants are generally not the result of increased free amino 
acid, but are instead the result of shifts in the overall protein profile of the grain. For example, in maize, 
reduced levels of lysine-deficient endosperm proteins (prolamines) are complemented by elevated levels of 
more lysine-rich proteins (albumins, globulins and glutelins). While nutritionally superior, these mutants are 

1 5 associated with reduced yields and poor grain quality, limiting their agronomic usefulness. 

An alternative approach is to generate plants with mutations that render key amino acid 
biosynthetic enzymes insensitive to feedback inhibition. Many such mutations are known and mutation 
results in increased free amino acid. The increased production can optionally be coupled to increased 
expression of an abundant storage protein comprising the chosen amino acid. Alternatively, a normally 

20 abundant protein can be engineered to contain more of the target amino acid. 

The attached table discloses exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that remove feedback inhibition in plant amino acid biosynthetic 
enzymes. 
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Table 19 

Genome-Altering Ojjgos Conferring Amino Acid Overproduction 



5 



::Phenotype,Gene, 
Plant s Targeted 
Alteration 


. , : Altering Ofigos 


SEQID 

HO i ' 


Met Overproduction 
CGS 

Arabidopsis thaliana 


TATCCTCCAGGATCTTAAGATTTCCTCCTAATTTCGTCCGTCAGCT 
GAGCATTAAAGCCCATAGAAACTGTAGCAACATCGGTGTTGCACA 
GATCGTGGCGGCTAAGTGGTCCAACAACCC 


5629 


Arg77His 
CGT-CAT 


GGGTTGTTGGACCACTTAGCCGCCACGATCTGTGCAACACCGAT 
GTTGCTACAGTTTCTAIGGGCTTTAATGCTCAGCTGACGGACGAA 

A 1 1 AbbAbbAAA lull AAbA 1 L-U 1 bbAbbA 1 A 


5630 




TAAAGCCCATAGAAACT 


5631 




AGTTTCTATGGGCTTTA 


5632 


Met Overproduction 
CGS 

Arabidopsis thaliana 


TCTTAAGATTTCCTCCTAATTTCGTCCGTCAGCTGAGCATTAAAGC 
CCGTAGAAACTGTAACAACATCGGTGTTGCACAGATCGTGGCGG 
CTAAGTGGTCCAACAACCCATCCTCCGCGTT 


5633 


Ser81Asn 
AGC-AAC 


AACGCGGAGGATGGGTTGTTGGACCACTTAGCCGCCACGATCTG 
TGCAACACCGATGTTGJTACAGTTTCTACGGGCTTTAATGCTCAGC 

T/*"* A^fPAO/^A A ATTA/^PAPPA A AT^TTA A/^A 

IbALbbALbAAAl 1 AbbAbbAAA 1 OlTAAbA 


5634 




AAACTGTAACAACATCG 


5635 




CGATGTTGTTACAGTTT 


5636 


Met Overproduction 
CGS 

Arabidopsis thaliana 


1 1 ICC ICC 1 Ml 1 ICGICCGTCAGCTGAGCATTAMGCCCGTAGM 
ACTGTAGCMCATCAGTGTTGCACAGATCGTGGCGGCTMGTGGT 
CCMCMCCCATCCTCCGCGTTACCTTCGG 


5637 


Gly84Ser 
GGT-AGT 


CCGMGGTMCGCGGAGGATGGGTTGTTGGACCACTTAGCCGCC 
ACGATCTGTGCMCACTGATGTTGCTACAGTTTCTACGGGCTTTM 

1 bU 1 OAbb 1 bAbbbAUbAAA 1 1 AbbAbbAAA 


5638 




GCMCATCAGTGTTGCA 


5639 | 




TGCMCACIGATGTTGC 


5640 


Met Overproduction 
CGS 

Arabidopsis thaliana 


TTCCTCCTMI 1 1 CG 1 CCG 1 CAGCTGAGCATTAMGCCCGTAGAM 
CTGTAGCMCATCGATGTTGCACAGATCGTGGCGGCTMGTGGTC 
CMCMCCCATCCTCCGCGTTACCnCGGC 


5641 


Gly84Asp 
GGT-GAT 


GCCGMGGTMCGCGGAGOATGGGTTGTTGGACCACTTAGCCGC 
CACGATCTGTGCMCATCGATGTTGCTACAGTTTCTACGGGCTTTA 
ATGCTCAGCTGACGGACGAMTTAGGAGGM 


5642 




CMCATCGATGTTGCAC 


5643 




GTGCMCAICGATGTTG 


5644 
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VPhenotype, Gene,; 
riant ot largeteq 
Altpratinn 

Mil's;) aUUU . : 


' - - 

* 


■ 

SEQID 
NO* 


iviei uverproaucuon 
CGS 

Fragraha vesca 


TCAGCACCAAGGCCCACCGCAACTGCAGCAACATCGGCGTCGCG 
CAGATCGTCGCGGCTTCGTGGTCCAACAAAGA 




Ara73His 
CGC-CAC 


TCTTTGTTGGACCACGAAGCCGCGACGATCTGCGCGACGCCGAT 

GTTGCTGCAGTTGCGGTGGGCCTTGGTGCTGAGCTGGCGGACGA 

AGTTGGGAGGGAAGCGGAGGATGAGTGACGATA 


5646 






5647 




AGTTGCGGTGGGCCTTG 


5648 


Met Ovpro reduction 
CGS 


TCCTCCGCTTCCCTCCCAACTTCGTCCGCCAGCTCAGCACCAAG 

GCCCGCCGCAACTGCAACAACATCGGCGTCGCGCAGATCGTCGC 

GGCTTCGTGGTCCAACAAAGACTCCGACCTTTC 


5649 


Ser77Asn 
AGC-AAC 


GAAARRTCRRARTnTTTGTTGRACCACGAAGCCGCRACGATCTG 

CGCGACGCCGATGTTGTTGCAGTTGCGGCGGGCCTTGGTGCTGA 

GCTGGCGGACGAAGTTGGGAGGGAAGCGGAGGA 


5650 




rAAPTGCAArAACATrG 


5651 ! 




CGATGTTGTTGCAGTTG 


5652 


Met dveroroduction 
CGS 


TTCCCTCCCAACTTCGTCCGCCAGCTCAGCACCAAGGCCCGCCG 
CAACTGCAGCAACATCAGCGTCGCGCAGATCGTCGCGGCTTCGT 


5653 


Fragraria vesca 


GGTCCAACAAAGACTCCGACCTTTCGGCGGTGC 




Gly80Ser 
GGC-AGC 


GCACCGCCGAMGGTCGGAGTCTTTGTTGGACCACGAAGCCGCG 
ACGATCTGCGCGACGCTGATGTTGCTGCAGTTGCGGCGGGCCTT 
GGTGCTGAGCTGGCGGACGAAGTTGGGAGGGAA 


5654 




GCAACATCAGCGTCGCG 


5655 




PftPftAPftPTftATYTTTPP 




Mpt Ox/pmrnriurtion 
CGS 

Fragraria vesca 


TCCCTCCwAACTTCiGTCCGCCAGCTCAGCACCAAGGCCCGCCGC 
AACTGCAGCAACATCGACGTCGCGCAGATCGTCGCGGCTTCGTG 
GTCCAACAAAGACTCCGACCTTTCGGCGGTGCC 


5657 


GGC-GAC 


GACGATCTGCGCGACGTCGATGTTGCTGCAGTTGCGGCGGGCCT 
TGGTGCTGAGCTGGCGGACGAAGTTGGGAGGGA 






PAArATrnArriTrRrRr 


5R5Q 




GCGCGACGTCGATGTTG 


5660 


Met Overproduction 
CGS 

G/yc/ne max 


TCTCCTCCCTCATCCTCCGCnCCCTCCCAACTTCCAGCGCCAGC 
TAAGCACCAAGGCGAGCCGCAACTGCAGCAACATCGGCGTCGCG 
CAAATCGTCGCCGCTTCGTGGTCGAACAACAG 


5661 


Arg68His 
CGC-CAC 


CTGTTGTTCGACCACGAAGCGGCGACGATTTGCGCGACGCCGAT 
GTTGCTGCAGTTGCGGCTCGCCTTGGTGCTTAGCTGGCGCTGGA 
AGTTGGGAGGGAAGCGGAGGATGAGGGAGGAGA 


5662 




CCAAGGCGAGCCGCAAC 


5663 
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; Phenotype, Gene, 
Plant & Targeted 


Altering Oligos - 

• 

• • .... 


SEQID 


NO: . 





GTTGCGGCICGCCTTGG 


5664 


Met Overproduction 
CGS 

Glycine max 


TCCTCCGCTTCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAG 

GCGCGCCGCAACTGCAACAACATCGGCGTCGCGCAAATCGTCGC 

CGCTTCGTGGTCGAACAACAGCGACAACTCTCC 


5665 


ber7ZAsn 
AGC-MC 


GGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGCGACGATTTG 
CGCGACGCCGATGTTGTTGCAGTTGCGGCGCGCCTTGGTGCTTA 
GCTGGCGCTGGAAGTTGGGAGGGAAGCGGAGGA 


5666 




CAACTGCAACAACATCG 


5667 


- 


CGATGTTGTTGCAGTTG 


5668 


Met Overproduction 
CGS 

Glycine max 


TTCCCTCC/CAACTTCCAGCGCCAGCTAAGCACCAAGGCGCGCCG 
CAACTGCAGCAACATCAGCGTCGCGCAAATCGTCGCCGCTTCGT 
GGTCGAACAACAGCGACAACTCTCCGGCCGCCG 


5669 


Gly75Ser 
GGC-AGC 


CGGCGGCCGGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGC 

GACGATTTGCGCGACGCTGATGTTGCTGCAGTTGCGGCGCGCCT 

TGGTGCTTAGCTGGCGCTGGAAGTTGGGAGGGAA 


5670 




GCAACATCAGCGTCGCG 


5671 




CGCGACGCIGATGTTGC 


5672 


Met Overproduction 
CGS 

Glycine max 


TCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAGGCGCGCCGC 
AACTGCAGCAACATCGACGTCGCGCAAATCGTCGCCGCTTCGTG 
GTCGAACAACAGCGACAACTCTCCGGCCGCCGG 


5673 


Gly75Asp 
GGC-GAC 


CCGGCGGCCGGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGC 
GACGATTTGCGCGACGTCGATGTTGCTGCAGTTGCGGCGCGCCT 
TGGTGCTTAGCTGGCGCTGGAAGTTGGGAGGGA 


5674 




CAACATCGACGTCGCGC 


5675 




GCGCGACGTCGATGTTG 


5676 


Met uverproauction 
CGS 

Solanum tuberosum 


IlilUI lUIUItaAl 1 1 IUAUUI 1 IUUIUUIAAI 1 1 Uli HiAUUUAUU 1 
.AAGCATTAAGGCTCACAGGAATTGCAGCAATATTGGCGTGGCTCA 
AGTTGTGGCGGCTTCCTGGTCTAACAACCA 


5677 


Arg/unis 
AGG-CAC 


TGGTTGTTAGACCAGGAAGCCGCCACAACTTGAGCCACGCCAATA 
TTGCTGCAATTCCTGTGAGCCTTAATGCTTAGCTGCCTCACGAAAT 
TAGGAGGAAACCTGAAAATCAGAGAAGACA 


5678 




X A A ^r'PTP APArtOA ATT 

TAAGGCTCACAGGAATT 


5679 




AATTCCTGTGAGCCTTA 


5680 


Met Overproduction 
CGS 

Solanum tuberosum 


1 1 1 ICAGGI 1 ICCICCIAAI 1 1 CGTGAGGCAGCTAAGCATTAAGGC 

TAGGAGGAATTGCAACAATATTGGCGTGGCTCAAGTTGTGGCGG 

CTTCCTGGTCTAACAACCAAGCCGGTCCTGA 


5681 


Ser74Asn 
AGC-AAC 


TCAGGACCGGCTTGGTTGTTAGACCAGGAAGCCGCCACAACTTG 

AGCCACGCCAATATTGTTGCAATTCCTCCTAGCCTTAATGCTTAGC 

TGCCTCACGAAATTAGGAGGAAACCTGAAAA 


5682 
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Phenotype, Gene, 
Plant & Targeted 


AKering Oligos 


beulv 


Alteration | 


- 


NO: 




GAATTGCAACAATATTG 


5683 




CAATATTGTTGCAATTC 


5684 


Met Overproduction 
CGS 


TTTCCTCCTAATTTCGTGAGGCAGCTAAGCATTAAGGCTAGGAGG 
AATTGCAGCAATATTAGCGTGGCTCAAGTTGTGGCGGCTTCCTGG 


5685 


Solarium tuberosum 


TCTAACAACCAAGCCGGTCCTGAATTCACTC 




Gly77Ser 
GGC-AGC 


GAGTGAATTCAGGACCGGCTTGGTTGTTAGACCAGGAAGCCGCC 

ACAACTTGAGCCACGCTAATATTGCTGCAATTCCTCCTAGCCTTAA 

TGCTTAGCTGCCTCACGAAATTAGGAGGAM 


5686 




GCAATATTAGCGTGGCT 

Xj* W/ V t 1 111 1 \-J 1 W xx ■ 


5687 




AGCCACGCTAATATTGC 


5688 


Met Overproduction 
CGS 

Solatium tuberosum 


TTCCTCCTAATTTCGTGAGGCAGCTAAGCATTAAGGCTAGGAGGA 
ATTGCAGCAATATTGACGTGGCTCAAGTTGTGGCGGCTTCCTGGT 
CTAACAACCAAGCCGGTCCTGAATTCACTCC 

xx 1 / V W/S W lw X// V \XV W WXXXX 1 xy 1 X./I VII 1 VX* »V* 1 w w 


5689 


Gly77Asp 
GGC-GAC 


GGAGTGAATTCAGGACCGGCTTGGTTGTTAGACCAGGAAGCCGC 

W XX/ IV 1 XX/ l# A 1 1 XX/ tXX>^X/ IXXWXX'WXX ■ 1 W V 1 1 V 1 • » *XX* IV/Wl INXXXf v (www W 

CACAACTTGAGCCACGTCAATATTGCTGCAATTCCTCCTAGCCTTA 
ATGCTTAGCTGCCTCACGAAATTAGGAGGAA 


5690 




CAATATTGACGTGGCTC 


5691 




ftAftPrAPfVrPAATATTft 




Mpt Ov/prnrnrliiptinn 

IVICL \J VCI pi UUUUUUI 1 

CGS 


CTTCCtCTCTTATCCTTCGCTTTCCTCCCAACTTTGTCCGTCAGCT 

Vx 1 1 wO 1 vl Vl 1 1 \ 1 UU 1 1 uUu 1 1 1 vxxx I OwVnnV 1 1 1 \J 1 www 1 unVJU 1 

CAGCACCAAGGCTCGCCACAACTGCAGCAACATTGGTGTCGCAC 


5693 


Mesembryanthemum 


AGGTCGTCGCTGCCTCCTGGTCCAACAACTC 




rn/cfp///fii im 
Kfi yoioiui iui ii 

Arg73His 
CGC-CAC 


GTTGCTGCAGTTGTGGCGAGCCTTGGTGCTGAGCTGACGGACAA 
AGTTGGGAGGAAAGCGAAGGATAAGAGAGGAAG 


3UxJ*T 










TGCAGTTGTGGCGAGCC 

■ WXX* »X/ 1 I XX ■ WWvWt IWV/V 


5696 


Met Overproduction 
CGS 

Mesembryanthemum 


TCCTTCGCTTTCCTCCCAACTTTGTCCGTCAGCTCAGCACCAAGG 
CTCGCCGCAACTGCAACAACATTGGTGTCGCACAGGTCGTCGCT 
GCCTCCTGGTCCAACAACTCCGATGCCGGCGC 


5697 


ciystallinum 

Ser77Asn 

AGC-AAC 


GCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAGCGACGACCT 
GTGCGACACCAATGTTGTTGCAGTTGCGGCGAGCCTTGGTGCTG 
AGCTGACGGACAAAGTTGGGAGGAAAGCGAAGGA 


5698 




CAACTGCAACAACATTG 


5699 




CAATGTTGITGCAGTTG 


5700 
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Phenotype, Gene, : 
Plants Targeted 
! Alteration 






- , : Altering Oligos 

,. ....;•->:.■••..••••.---..•-:-.-■•:.:•• • 


r 

segid: 


Mpf OuprnmHnHinn 

IVICL WVCI pi UUUUUUI 1 

CGS 

Mesembryanthemum 
crystallinum 
Gly80Ser 
GGT-AGT 


TTTCCTCCCAACTTTGTCCGTCAGCTCAGCACCAAGGCTCGCCGC 

AACTGCAGCAACATTAGTGTCGCACAGGTCGTCGCTGCCTCCTG 

GTCCAACAACTCCGATGCCGGCGCCACCTCTT 


0/U I 


AAGAGGTGGCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAGC 
GACGACCTGTGCGACACIAATGTTGCTGCAGTTGCGGCGAGCCT 
TGGTGCTGAGCTGACGGACAAAGTTGGGAGGAAA 


57Uz 


GCAACATTAGTGTCGCA 


5703 


TGCGACACIAATGTTGC 


5704 


Met Overproduction 
CGS 

Mesembryanthemum 
crystallinum 
Gly80Asp 
GGT-GAT 


TTCCTCCCAACTTTGTCCGTCAGCTCAGCACCAAGGCTCGCCGCA 

ACTGCAGCAACATTGATGTCGCACAGGTCGTCGCTGCCTCCTGG 

TCCAACAACTCCGATGCCGGCGCCACCTCTTG 


5705 


CAAGAGGTGGCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAG 
CGACGACCTGTGCGACATCAATGTTGCTGCAGTTGCGGCGAGCC 
TTGGTGCTGAGCTGACGGACAAAGTTGGGAGGAA 


5706 


CAACATTGATGTCGCAC 


5707 


GTGCGACATCAATGTTG 


5708 


Met Overproduction 
CGS 

Zeamays 
Arg41His 
CGC-CAC 


CCTCTGCTACCATCCTCCGCTTTCCGCCAAACTTTGTCCGCCAGC 
TTAGCACCAAGGCACACCGCAACTGCAGCAACATCGGCGTCGCG 
CAGATCGTCGCCGCCGCGTGGTCCGACTGCCC 


5709 


GGGCAGTCGGACCACGCGGCGGCGACGATCTGCGCGACGCCGA 

TGTTGCTGCAGTTGCGGTGTGCCTTGGTGCTAAGCTGGCGGACA 

AAGTTTGGCGGAAAGCGGAGGATGGTAGCAGAGG 


5710 


CAAGGCACACCGCAACT 


5711 


AGTTGCGGTGTGCCTTG 


5712 


Ivicl vJVcl pi UUUUUUI1 

CGS 

Zeamays 
Ser45Asn 
AGC-AAC 


TCCTCCGCTTTCCGCCAAACTTTGTCCGCCAGCTTAGCACCAAGG 
CACGCCGCAACTGCAACAACATCGGCGTCGCGCAGATCGTCGCC 
GCCGCGTGGTCCGACTGCCCCGCCGCTCGCCC 


Of IO 


GGGCGAGCGGCGGGGCAGTCGGACCACGCGGCGGCGACGATC 
TGCGCGACGCCGATGTTGTTGCAGTTGCGGCGTGCCTTGGTGCT 
AAGCTGGCGGACAAAGTTTGGCGGAAAGCGGAGGA 


5714 


CAACTGCAACAACATCG 


5715 


CGATGTTGTTGCAGTTG 


5716 


Met Overproduction 
CGS 

Zea mays 
Gly48Ser 
GGC-AGC 


nTCCGCCAAACI I IGlCCGCCAGCnAGCACCAAGGCACGCCGC 
AACTGCAGCAACATCAGCGTCGCGCAGATCGTCGCCGCCGCGTG 
GTCCGACTGCCCCGCCGCTCGCCCCCACTTAG 


5717 


CTAAGTGGGGGCGAGCGGCGGGGCAGTCGGACCACGCGGCGG. 
CGACGATCTGCGCGACGCTGATGTTGCTGCAGTTGCGGCGTGCC 
TTGGTGCTAAGCTGGCGGACAAAGTTTGGCGGAAA 


5718 


GCAACATCAGCGTCGCG 


5719 
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. Phenqtype,Gene> 
Plant* Targeted 
Alteration 


Altering Oligos 

• 

> 


SEQID 

NO; : 




OOOVJr\OVJL/_i_OM lull yj\j 


5790 

Df c.\) 


Met Overa reduction 
CGS 

Zea mays 


TTCCGCCAAACTTTGTCCGCCAGCTTAGCACCAAGGCACGCCGC 

AACTGCAGCAACATCGACGTCGCGCAGATCGTCGCCGCCGCGTG 

GTCCGACTGCCCCGCCGCTCGCCCCCACTTAGG 


5721 


GGC-GAC 


GCGACGATCTGCGCGACGTCGATGTTGCTGCAGTTGCGGCGTGC 
CTTGGTGCTAAGCTGGCGGACAAAGTTTGGCGGAA 


Of LL 






579? 




GCGCGACGTCGATGTTG 


5724 


Met Overproduction 
TS 

Arabidopsis thaliana 


GTATGAATGATCTGTGGGTGAAACACTGTGGGATTAGTCATACAG 

GMGTTTCAAGGATCGTGGAATGACTGTTTTGGTTAGTCAAGTTAA 

TCGTCTGAGAAAGATGAAACGACCTGTGGT 


5725 


Leu205Arg 
CTT-CGT 


ACCACAGGTCGTTTCATCTTTCTCAGACGATTAACTTGACTAACCA 
AAACAGTCATTCCACGATCCTTGAAACTTCCTGTATGACTAATCCC 
ACAGTGTTTCACCCACAGATCATTCATAC 


5726 




CAAGGATCGTGGAATGA 


5727 




TCATTCCACGATCCTTG 


5728 


Met Overproduction 
TS 

Solanum tuberosum 


GCATGACTGATTTGTGGGTCAAACACTGTGGGATTAGCCATACTG 

GTAGTTTTAAGGATCGTGGGATGACTGTTTTGGTGAGTCAAGTTAA 

TCGCTTGCGGAAAATGCATAAACCGGTTGT 


5729 


Leu198Arg 
CTT-CGT 


ACAACCGGTTTATGCATTTTCCGCAAGCGATTAACTTGACTCACCA 
AAACAGTCATCCCACGATCCTTAAAACTACCAGTATGGCTAATCCC 
ACAGTGTTTGACCCACAAATCAGTCATGC 


5730 




TAAGGATCGTGGGATGA 


5731 




TCATCCCACGATCCTTA 


5732 


Lys Overproduction 

DHPS 

Zea mays 


TCATTGGGCACACAGTGAACTGCTTTGGCTCTAGAATCAAAGTGA 
TAGGCAACACAGGAAACAACTCAACCAGAGAAGCCGTCCACGCA 
ACAGAACAGGGATTTGCTGTTGGCATGCATGC 


5733 


Ser157Asn 
AGC-AAC 


GCATGCATGCCAACAGCAAATCCCTGTTCTGTTGCGTGGACGGCT 

TCTCTGGTTGAGTTGTTTCCTGTGTTGCCTATCACTTTGATTCTAG 

AGCCAAAGCAGTTCACTGTGTGCCCAATGA 


5734 




CACAGGAAACAACTCAA 


5735 




TTGAGTTGITTCCTGTG 


5736 


Lys Overproduction 

DHPS 

Zea mays 


GCTCTAGAATCAAAGTGATAGGCAACACAGGAAGCAACTCAACCA 
GAGAAGCCGTCCACGAAACAGAACAGGGATTTGCTGTTGGCATG 
CATGCGGCTCTCCACATCAATCCTTACTACGG 


5737 


Ala166Val 
GCA-GAA 


CCGTAGTAAGGATTGATGTGGAGAGCCGCATGCATGCCAACAGC 

AAATCCCTGTTCTGTTTCGTGGACGGCTTCTCTGGTTGAGTTGCTT 

CCTGTGTTGCCTATCACTTTGATTCTAGAGC 


5738 
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• Phenotvoe, Gene, : 
Plants Targeted 
Alteration 


e ■ 

• 

Altering Oligos 

- . - . 


SEQ!D 

NO: ■ 

■ 




PfTTPPAP.O.AAAPAPA AP 
uo I OuAObAAAbAbAAU 


C70P 

5739 




PTTPTP 1 1 TPrTr^r A pp 
b 1 1 U 1 b 1 1 Ibb 1 bbAUb 


ci An 

5740 


1 vq OupmrnHiirtinn 

DHPS 
Zea /nays 


ft ft PTPT A ft A ATP A A A ftTft AT A ftftP A AP A P A P r 1 A A PP A A PTP A A PP 
OOU 1 u 1 nO/v\ 1 LrAAAo 1 bA 1 AooUAAUAOAbbAAbbAAU 1 bAAOb 

AGAGAAGCCGTCCACACAACAGAACAGGGATTTGCTGTTGGCAT 
GCATGCGGCTCTCCACATCAATCCTTACTACG 




AlalfiRThr 

Aid IUU 1 III 

GCA-ACA 


L>b 1 Ab 1 AAbbA 1 1 bATblbbAbAbOObCATGCATGCCAACAGCAA 

ATCCCTGTTCTGTTGTGTGGACGGCTTCTCTGGTTGAGTTGCTTC 

CTGTGTTGCCTATCACTTTGATTCTAGAGCC 


5742 




OPpTp/^AOA^A Ap Ap A A 

Ubb 1 OLrAOALAALAbAA 


5743 




ttptpttptptpp a prr 
i 1 0 1 b 1 I bio I bbALbb 


5744 


1 we PuomrnHi ictinn 
Lyo UVcl fJIUUUOUUll 

DHPS 

Oryza sativa 


TTATTftftftPATAPAPTTA APTPrTTTrPPAPTA A A ATT A AAPTPPT 

MAM bbbbA 1 Ab Ab I 1 AAb 1 bb 1 1 1 bbbAO 1 AAAA 1 1 AAAb 1 bb 1 

CGGCAACACAGGAAATAACTCAACAAGGGAGGCTATTCACGCAAC 
TGAGCAGGGATTCGCTGTAGGTATGCACGC 


C7AC 

5745 


oci 

AGT-AAT 


PPPTPP AT A PPT A P A PPP A ATP^PTr^r^T/^ A ATT^ A^T/^ A ATAAO^ 

bbb 1 bbATAuoTAUAGCGMTCCCTGCTCAGTTGCGTGAATAGCC 
TCCCTTGTTGAGTTATrTCCTGTGTTGCCGACCACTTTAATTTTAGT 
GCCAAAGCAGTTAACTGTATGCCCAATAA 


5746 




PAPAPPA A ATA APTPA A 

OALAbbAAA 1 AAL 1 UAA 


5747 




TTP A f^TT A 'l' 1 IP PTPTP 

1 1 bAb 1 1 AX 1 1 bb 1 b 1 b 


5748 


DHPS 

Oryza sativa 


ftPAPTA A A ATTA A APTPPTPPPPA APAPAPPA APT A APTPA APA A ~ 

bbAb 1 AAAA 1 1 AAAb 1 bb 1 bbbbAAbAUAbbAAb 1 AAL 1 UAAUAA 

GGGAGGCTATTCACGTAACTGAGCAGGGATTCGCTGTAGGTATG 
CACGCGGCTCTCCACATCAATCCTTACTACGG 


5749 


rMd I OOvdl 

GCA-GTA 


PPPTAPTA A PPATTP ATPTPP APA PPP PPPTPP AT A PPT A P A PP 

Obb 1 Ab 1 AAbbA 1 1 bA 1 b 1 bbAbAbCCGCGTGCATACCTACAGC 

GAATCCCTGCTCAGTTACGTGAATAGCCTCCCTTGTTGAGTTACTT 

CCTGTGTTGCCGACCACTTTAATTTTAGTGC 


5750 




T ATTP A PPT A A PTP A P P 
IAI 1 bAbbJAAb I bAbb 


5751 




PpTP A ftTT A PPTP A AT A ! 
1 UAb 1 1 Abb 1 bAA 1 A 


5752 


DHPS 

Oryza sativa 


ftftPAPTAAAAlTAAAftTPPTPf^ftPAAPAPAPPAAPTA APTPA APA 
ooUAU 1 AAAA 1 1 AAAb 1 bb 1 bbbbAAbAbAbbAAb 1 AAb 1 bAAbA 

AGGGAGGCTATTCACACAACTGAGCAGGGATTCGCTGTAGGTAT 1 
GCACGCGGCTCTCCACATCAATCCTTACTACG 


5753 


Ala133Thr 
GCA-ACA 


PftTAftTA A ftft ATTft ATftTftft A ft AftPPftP PTPP AT A PPT A P A PPP 
\ Mo I AMuoA 1 1 oA 1 Kj 1 uoAoAobbbbb 1 bbA 1 Abb 1 AbAbbb 

AATCCCTGCTCAGTTGTGTGAATAGCCTCCCTTGTTGAGTTACTTC 
CTGTGTTGCCGACCACTTTAATTTTAGTGCC 


C7CA 

5754 




CTATTCACACAACTGAG 


5755 




CTCAGTTGIGTGAATAG 


5756 


Lys Overproduction 
DHPS 1 

Tritimm aBsfMim 


TCATCGGGCATACTGTTAAC 1 GC 1 1 1 GGAGCCAACATTAAAGTGAT 

AGGCAACACGGGAAATAACTCAACCAGAGAAGCTGTTCACGCGA 

CAGAGCAGGGATTTGCTGTTGGCATGCATGC 


5757 



Ser165Asn 
AGT-AAT 
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Phenotype, Gene, 
Plant s Targeted 
Alteration 


- 

• 

Altering Oligos 

; • 


\ '- ' ' / 

NO; 

, - .• .- ..: 
. - .. . , .. .. ;•; 




Own l Own l Ouwnnunwwnnn I www I ow i w i u i wwwo I Onrvwriow I 

TCTCTGGnGAGTTATTrCCCGTGTTGCCTATCACTTTAATGTTGG 
CTCCAAAGCAGTTAACAGTATGCCCGATGA 


5758 




PAPftftftAAATAAPTPAA 

wMwOOOMMH 1 MMw 1 wMM 


5759 




TTftAftTTATTTPPPftTft 
1 1 OMO 1 1 MJ_ 1 1 w wwO 1 O 


57R0 


1 vq rh/prnrnriiiptinn 

i_yo w vci \J\ uuuouui i 

DHPS1 

Triticum aestivum 


GAGCCAACATTAAAGTGATAGGCAACACGGGAAGTAACTCAACCA 

OnOWWnnWn I I nnnw i \Ji \ \ n\juwnnwnvwwvnnv i nnw i wnnwwn 

GAGAAGCTGTTCACGTGACAGAGCAGGGATTTGCTGTTGGCATG 
CATGCAGCTCTTCATGTCAATCCTTACTACGG 


5761 


Mid 1 / H Vdl 

GCG-GTG 


l_/L>U 1 no 1 nnoOn 1 1 \Jn\jr\ 1 OMMOAUO 1 V3V-»rt 1 Own 1 OLi^nnUnuOn 

AATCCCTGCTCTGTCACGTGAACAGCTTCTCTGGTTGAGTTACTT 
CCCGTGTTGCCTATCACTTTAATGTTGGCTC 


576? 




Tftirp a p ftift ap Aft a ft p 

lOll wMwOjOMwMOMOw 






ftPTPTftTPAPftTftAAPA 
Ow 1 w 1 O 1 wMwO 1 OMMwM 


5764 

07 0*T 


1 \/c Ov/prnrnHurtion 
Lyo UVcl fJIUUULUUII 

DHPS1 

Triticum aestivum 


GftAftrrAAnATTAAAGTGATAGGCAACACGGGAAGTAACTCAACC 

OOMOw wMnWn 1 1 ruinU 1 VJn 1 nwvUnnvnwvJUUnnu i nnu l unnww 

AGAGAAGCTGTTCACACGACAGAGCAGGGATTTGCTGTTGGCAT 
GCATGCAGCTCTTCATGTCAATCCTTACTACG 


5765 


Mia I / 4 I 111 

GCG-ACG 


PPTAPTAAPftATTftAPATftAAftAftPTftPATftPATftPPAAPAftPAA 
wO 1 AO 1 AAooA 1 1 OMwM 1 OMMOMOw 1 OwM 1 Own 1 OwwMMwMOwMM 

ATCCCTGCTCTGTCGTGTGAACAGCTTCTCTGGTTGAGTTACTTC 
CCGTGTTGCCTATCACTTTAATGTTGGCTCC 


0/ 00 




PTPTTPAPAPPAPAftAft 
w 1 o 1 1 wAwAwOMUMOMO 


5767 

0/ Of 




PTPTftTPftTftT ft A A P A ft 
w 1 W 1 O 1 wOj[0 1 OMHwMO 


5768 


Lyo UVclfJIUUULUUM 

DHPS2 

Triticum aestivum 


TPATPftftftPAPAPTftTTAAPTGP 1 1 rGGAAOTAACATTAAAGTGAT 

| 1 wOOOwnWnW I O l 1 nnw 1 Uu 1 I 1 VJUnnU 1 nnWn 1 1 /Wiv 1 wn 1 

AGGCAACACGGGAAATAACTCAACTAGAGAAGCGATTCACGCTTC 
AGAGCAGGGATTTGCTGTTGGCATGCATGC 


5769 


Ocl IO*frMoll 

AGT-AAT 


ft P ATft P ATftPP A A P Aft P A A ATPPPTft PTPTft A A ft PftTft A ATPft PT 
Own 1 Own 1 Ow wnMwMOwMMM 1 www 1 Ow I w 1 OMMOwO 1 OMM 1 wOw 1 

TCTCTAGnGAGTTAITTCCCGTGTTGCCTATCACTTTAATGTTAGT 
TCCAAAGCAGTTAACAGTGTGCCCGATGA 


577(1 




PAPftftftAAATAAPTPAA 
wMwOOOMMM 1 MMw 1 wMM 


5771 




TTftAftTTATTTPPPftTft 
1 1 OMO 1 1 MX 1 I ww wO 1 O 


577? 


Lyo vjvcl |JI vJUUUUUIl 

DHPS2 

Triticum aestivum 


GAAnTAACATTAAAGTGATAGGCAACACGGGAAGTAACTCAACTA 

wnnw 1 nnwn I I nnnw 1 wn I nwwwnnwnwwwwnnw i nnw i wnnw i n 

GAGAAGCGATTCACGTTTCAGAGCAGGGATTTGCTGTTGGCATGC 
ATGCAGCTCTCCATGTCAATCCTTACTATGG 


5773 


Ala163Val 
GCT-GTT 


CCATAGTAAGGATTGACATGGAGAGCTGCATGCATGCCAACAGCA 
AATCCCTGCTCTGAAACGTGAATCGCTTCTCTAGTTGAGTTACTTC 
CCGTGTTGCCTATCACTTTAATGTTAGTTC 


5774 




GATTCACGTTTCAGAGC 


5775 ; 




GCTCTGAAACGTGAATC 


5776 
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; Phenotype, Gene, 
Plant* Targeted 


v. . - .. . , ...... S % N 

Altering Oligos 

"• - : ' " - * . . . 


cca in 

NO; 


Lyo UVcipiUUULflJUil 

DHPS2 

Triticum aestivum 


(2 P. A A PT A A P A TT A A A P.T P A T A P P P A A P A P P P P A A A A P T P A A P T 
ooAAU I AAUA 1 1 AAAo 1 VjA 1 AooUAAUAUooljAAlj 1 AAU 1 UAAO 1 

AGAGAAGCGATTCACACTTCAGAGCAGGGATTTGCTGTTGGCATG 
CATGCAGCTCTCCATGTCAATCCTTACTATG 




Ala1 ATThr 

AiaiDoinr 
GCT-ACT 


PAT APT A APOATTOAPATO^A/^AP^TO/>ATOPATO^OA AP APP A A 

OA 1 AG 1 MbbATTbAbATbb/\bAGCTGCATGCATGCCAACAGCAA 
ATCCCTGCTCTGAAGTGTGAATCGCTTCTCTAGTTGAGTTACTTCC 
CGTGTTGCCTATCACTTTAATGTTAGTTCC 


5778 




PP A TTP A P A PTTP A P A P 

CGATTCACACTTCAGAG 


5779 




PTPTP A A PTPTP A ATPP 

UTCTGMGTGTGAATCG 


5780 


Lys uverproaucuon 
DHPS 

Coix lacryma-jobi 


PTP ATTPPPP A X A PTPTP A APTPPTTTPPPTPT AP A ATT A A a PtP A 

u I UA I IGGGuAI AOTGTGMOTGCTTTGGOTCTAGMTTAAAGTGA 
TAGGCAACACAGGAAATAACTCAACCAGAGAAGCTGTTCACGCAA 
CAGAGCAGGGATTTGCTGTTGGCATGCATG 


5781 


Qnrl £\A Aon 

AGT-AAT 


P ATPP ATOPr A APAPPA A ATPPPTPPTPTPTT'PP ATA A A A » A ATT 

CATGCATGCCAACAGCAAATCCCTGCTCTGTTGCGTGAACAGCTT 
CTCTGGnGAGTTATTTCCTGTGTTGCCTATCACTTTAATTCTAGA 
GCCAAAGCAGTTCACAGTATGCCCAATGAG 


5782 




PAPA PP A A A T A A PT A A A 

CACAGGAAATAACTCAA 


5783 




TTP A ATT A '■' 1 1 PPTPTP 

TTGAGTTATTTCCTGTG 


5784 


Lys uverproaucuon 
DHPS 

Coix lacryma-jobi 


bb 1 0 1 AbAA 1 1 AAAb 1 bA 1 AbbbMbAbAbbMbTAAbTCAACCA 

GAGAAGCTGTTCACGTMCAGAGCAGGGATTTGCTGTTGGCATGC 

ATGCAGCTCTCCACATCAATCCTTACTATGG 


5785 


Aia loovai 
GCA-GTA 


PP AT A PT A A PP A'l'I'P ATPTPP A P A PAT A A A TAA A TA A A A A A a a a a 

CCATAGTAAGGATTGATGTGGAGAGCTGCATGCATGCCAACAGCA 
AATCCCTGCTCTGTTACGTGAACAGCTTCTCTGGTTGAGTTACTTC 
CTGTGTTGCCTATCACTTTAATTCTAGAGC 


5786 




TP 1 1 P A PPT A A P A P A PP 

TGTTCACGTAACAGAGC 


5787 




PPTPTPTT A PPTP A A P A 

GCTCTGTTACGTGAACA 


5788 


Lys uverproaucuon 
DHPS 

Coix lacryma-jobi 


PP.PTPTAP A ATT A A A PTP AT A PPP A AP APAPPA APT A A PTP A A PP 

bbl 1 0 1 AbAA 1 1 AAAb 1 bA 1 AbbUAAUAUAbbAAb 1 AACTCAACC 

AGAGAAGCTGTTCACACAACAGAGCAGGGATTTGCTGTTGGCATG 

CATGCAGCTCTCCACATCAATCCTTACTATG 


nan 

5789 


Ala 100 i nr 

GCA-ACA 


P AT APT A APP A 1 1 P ATPTPP A P A PPTPP ATPP ATPPA A A A A AP A A 

OA I AbTAAbbATTGATGTGGAG AGCTGCATGCATGCCAACAGCAA 
ATCCCTGCTCTGTTGTGTGAACAGCTTCTCTGGTTGAGTTACTTCC 
TGTGTTGCCTATCACTTTAATTCTAGAGCC 


5790 




CTGTTCACACAACAGAG 


5791 




blblbl IbJblbAAbAb 


5792 


Lys Overproduction 
DHPS 

Nicotiana tabacum 


TCATTGGTCACACAGTCAA1 IGI 1 1 1 GGAGGGTCCATCAAAGTCAT 

CGGGAACACTGGAAACAACTCCACAAGGGAAGCAATCCATGCAA 

CTGAACAGGGATTTGCTGTAGGTATGCATGC 


5793 


Ser136Asn 
AGC-AAC 


GCATGCATACCTACAGCAAATCCCTGTTCAGTTGCATGGATTGCTT 

CCCnGTGGAGTTGTTTCCAGTGTTCCCGATGACTTTGATGGACC 

CTCCAAAACAATTGACTGTGTGACCAATGA 


5794 




CACTGGAAACAACTCCA 


5795 
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Phenotype, Gene, 
Plant & Targeted ; 

' Alteration 


, '• • ' • 

. . Altering Oligos 

; ; : — 


SEQID 

NO; 




TGGAGTTGTTTCCAGTG 


5796 

VI WW 


Lvs Overoroduction 
DHPS 

Nicotians tabacum 


gagggtccatCaaagtCatcgggaacactggaagcaactccacaa 
gggaagcaatccatgtaactgaacagggatttgctgtaggtatgc 
atgcagctcttcacattaatccctactatgg 


5797 


Ala145Val 
GCA-GTA 


CCATAGTAGGGATTAATGTGAAGAGCTGCATGCATACCTACAGCA 
AATCCCTGTTCAGTTACATGGATTGCTTCCCTTGTGGAGTTGCTTC 
CAGTGTTCCCGATGACTTTGATGGACCCTC 


5798 

VI \J\J 




AATOrATfiTAACTGAAC 


5799 




{TTTPAfiTTAPATfiftATT 

VJ 1 1 \j>r\\J 1 1 MOn 1 OOn 1 1 


5800 


Lvs Overnroduction 
DHPS 

Nicotians tabacum 


GGAGGGTCCATCAAAGTCATCGGGAACACTGGAAGCAACTCCAC 
AAGGGAAGCAATCCATACAACTGAACAGGGATTTGCTGTAGGTAT 
GCATGCAGCTCTTCACATTAATCCCTACTATG 


5801 


Ala145Thr 
GCA-ACA 


rATARTAfiftftATTAATRTRAARARnTRCATGCATACCTACAfiflAA 

ATCCCTGTTCAGTTGTATGGATTGCTTCCCTTGTGGAGTTGCTTCC 

AGTGTTCCCGATGACTTTGATGGACCCTCC 


•580? 




PAATPPATAPAAPTftAA 






TTPAftTTftTATfifiATTG 


5804 


1 v«? Ovprnrorii/fifion 
DHPS 

Arabidopsis thaliana 


TTATAGGCCATACCGTTMCtGTTTTGGCGGAAGCATCAAAGTCAT 
TGGAAACACTGGAAACAATTCGACTAGAGAAGCAATCCACGCGAC 
TGAACAAGGATTCGCGGTTGGAATGCATGC 


5805 


Rpr14?Acsn 

OCI l*t£nOM 

AGC-AAC 


firATRrATTrrAArrRrfiAATnnTTfiTTCAGTnRCGTfiRATTfif;T 
TCTCTAGTCGAAnGTTTCCAGTGTTTCCAATGACTTTGATGCnC 
CGCCAAAACAGTTAACGGTATGGCCTATAA 


5806 




rACTGGAAACAATTCGA 


5807 




TPftAATTfiTTTPPAGTfi 


5808 


I v«5 Ovprnroduction 
DHPS 

Arabidopsis thaliana 


GCGGMGCATCAMGTCATTGGAAACACTGGAAGCAATTCGACTA 
GAGAAGCAATCCACGIGACTGAACAAGGATTCGCGGTTGGAATGC 
ATGCTGCTCTTCATATAAACCCTTACTATGG 


5809 


Ala151Val 

niu i v i veil 

GCG-GTG 


rrATARTAAfiRfiTTTATATGAAGAGCAGCATGCATTCCAACCGCG 
AATCCTTGTTCAGTCACGTGGATTGCTTCTCTAGTCGAATTGCTTC 
CAGTGTTTCCAATGACTTTGATGCTTCCGC 


5810 




AATCCACGTGACTGAAC 


5811 

VV 1 1 




GTTCAGTCACGTGGATT 


5812 


Lys Overproduction 
DHPS 

Arabidopsis thaliana 


GGCGGMGCATCAAAGTCATTGGAAACACTGGAAGCAATTCGACT 
AGAGAAGCAATCCACACGACTGAACAAGGATTCGCGGTTGGAATG 
CATGCTGCTCTTCATATAAACCCTTACTATG 


5813 


Ala151Thr 
GCG-ACG 


CATAGTAAGGGTTTATATGAAGAGCAGCATGCATTCCAACCGCGA 
ATCCTTGTTCAGTCGTGTGGATTGCTTCTCTAGTCGAATTGCTTCC 
AGTGTTTCCAATGACTTTGATGCTTCCGCC 


5814 
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Phenotype, Gene, 
. Plant& Targeted 
; " Alteration \ 


' , ■ \ 

Altering Olicjos i \ 

x -\ — 

- 


......... s . 

: • .-. - . -. 

SEQID 




CAATPCACACGACTGAA 


5815 




TTCAGTCGTGTGGATTG 


OO 1 u 


Lvs Overproduction 
DHPS 

(nl\/rif)A /way 


TTAnGCTCATACAGTCMCTGTTnGGTGGGAAMTTAAGGTTATT 
GGAAATACTGGAAACAACTCCACCAGGGAAGCAATTCATGCCACT 
GAGCAGGGTTTTGCTGTTGGAATGCATGC 

VJ/AO v/AOOO till ww 1 O 1 1 vJVjnn I VJVy/i 1 VJO 


5817 


SprlfHAsn 
AGC-AAC 


ftPATftPATTPPAAPAGPAAAAPPPTftPTPAftTRGPATftAATTfiPT 

O OM 1 wv/rt 1 1 w vMMOMOwMMMMv v w 1 Ov 1 wMO 1 OOvA 1 OMM 1 1 Ow 1 

TCCCTGGTGGAGnGTTTCCAGTATTTCCAATAACCTTAA 1 1 1 ICC 
CACCAAAACAGTTGACTGTATGAGCAATAA 


DO 10 




TAPTftftAAAPAAPTPPA 
1 MO l OVjnnMOnnU 1 Own 


oo i y 




TR^ARTTRTTTPPARTA 

1 OOMO 1 i OJ_ | J UUnu 1 r\ 


5890 


Lvs Overnroduetion 
DHPS 


GTGGGAAAATTAAGGTTATTGGAAATACTGGAAGCAACTCCACCA 
GGGAAGCAATTCATGTCACTGAGCAGGGI 1 1 1 GCTGTTGGAATGC 


5821 


Is/fine* ma y 


ATfiPTftPPPTTPAPATAAAPPPTTAPTATftft 




Ala11?Val 

GCC-GTC 


PPATA^TAAr^^TTTATfiT^AA^nnPA^PAT^PATTPPAAPAriPA 
wOn 1 no 1 AAOOO 1 1 I M 1 0 1 unnV3000noUn 1 Ovn 1 I kj UnnvnwUA 

AAACCCTGCTCAGTGACATGAATTGCTTCCCTGGTGGAGTTGCTT 
CCAGTATTTCCAATAACCTTAATTTTCCCAC 


5P.99 
DOLL 




A ATTP AT7TTP APTft Aft P 
MM 1 1 OM 1 Oj^wMVy 1 OAO \j 






ftPTPAfiTCAPATfiAATT 
O \j 1 UnO 1 OHun 1 OMM 1 1 


5ft 9A 

00^*T 


Lvs Ovprnrodurtion 
DHPS 


GGTGGGAAAATTAAGGTTATTGGAAATACTGGAAGCAACTCCACC 
AGGGAAGCAATTCATACCACTGAGCAGGGTTTTGCTGTTGGAATG 


5825 


6/yc/ne max 


CATGCTGCCCTTCACATAAACCCTTACTATG 




Ala1 1 2Thr 

/Ala 1 1 £ 1 1 It 

GCC-ACC 


rATAnTAARftftTTTATftTfiAAfifiRrARrATrtPATTOrAArAfirAA 
L>A\ 1 AO 1 nnUUO 1 1 InlOl UnnUUUUnOl'n 1 VJ*->rt 1 1 Ov/nnOAUl/nn 

AACCCTGCTCAGTGGTATGAATTGCTTCCCTGGTGGAGTTGCTTC 
CAGTATTTCCAATAACCTTAATTTTCCCACC 


oozo 




nAATTPATArrArTRAR 


ova 




PTPAtTTftftTATGAATTft 

V 1 wAg 1 OOJ_M 1 OMM 1 1 O 


UOLO 


Tro Overorod notion 
AS 

Arabidopsis thaliana 


CTTGCAGGAGACATATTTCAGATCGTGCTGAGTCAACGTTTTGAG 
CGGCGAACATTTGCAAACCCCTTTGAAGTTTATAGAGCACTAAGA 
GTTGTGAATCCAAGTCCGTATATGGGTTATT 


5829 


AsD341Asn 
GAC-AAC 


MTMnCnATATACGGACTTGRATTCACAArTCTTARTRCTnTATA 

nn 1 nnWVUn 1 /A 1 nwygHw 1 1 VJUA 1 1 wAV/AAw lull MO 1 VJv 1 v 1 r\l A 

AACTTCAAAGGGGTTTGCAAATGTTCGCCGCTCAAAACGTTGACT 
CAGCACGATCTGAAATATGTCTCCTGCAAG 


wo 

JOJU 




CATTTGCAAACCCCTTT 


5831 




AAAGGGGTTTGCAAATG 


5832 


Trp Overproduction 
AS 

Nicntiana tabacum 


GCTGCAGGAGACATATTTCAAA 1 CG 1 1 1 1 AAG rCAACGCTTTGAGA 
GAAGAACATTTGCTAACCCATTTGAAGTGTACAGAGCATTAAGAAT 
TGTGAATCCAAGCCCATATATGACTTACA 


5833 



Asp326Asn 
25 GAC-AAC 
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Plant& Targeted 
Atteration 


:;•x^:^::::^.:::::;:;^:^:X ; : ; ^::;:^::;::; : :>:^;:;o 

Altering Oligos 

; ..: - , . v • , . 


NO: ' 




TGTAAGTCATATATGGGCTTGGATTCACAATTCTTAATGCTCTGTA 
CACTTCAMTGGGTTAGCAAATGTTCTTCTCTCAAAGCGTTGACTT 
AAAACGATTTGAAATATGTCTCCTGCAGC 


5834 




CATTTGrTAACCCATTT 


5835 




AAATRGfiTTAGHAAATG 

ruin I VJVjVJ I J_n\Jwr\r\r\ 1 Vj 


5836 


1 rp uverproauction 
AS 

Cvyza saf/Va 


P T A n. PT P PT P A P A TTTTT P A A <TT A PTT A A P P A ft P ftTTTT ft A ft A 
w 1 Abl» 1 oo 1 oAUA t 1 1 1 1 OAAo 1 Mo 1 U 1 1 AAoOLrAOwO 1 1 1 1 Onun 

GGCGTACATTTGCTAACCCCTTTGAGGTGTACCGTGCATTGCGTA 
TTGTCAATCCTAGTCCTTATATGGCCTATC 


000/ 


Acn^9^AQn 
r\o\J JaOMoM 

GAC-AAC 


RATAfifiPrATATAAftRAnTARGATTGACAATACGCAATGCACGGT 
ACACCTCAAAGGGGTTAGCAAATGTACGCCTCTCAAAACGCTGGC 
TTAAGACTACTTGAAAAATGTCACCAGCTAG 


5838 




PATTT^rTAArrrrTTT 

wrt 1 1 1 Ow 1 MnUuOu 1 1 1 


5839 




AAAftftftftTTAfirAAATG 
nnnOOOO 1 1 nuuttnn I o 


5840 


Trp Overproduction 
AS 

Rufa graveolens 


PTTPPTPPTP A P AT ATTPP A P ATPPT A PT A A PTP A f^P/TTTTTP A A A 

U 1 1 bU 1 bo 1 oAUA 1 A 1 1 OUAoA 1 Ub 1 AU 1 AAo 1 UAoLrO II 1 1 oAAA 

GGCGMCGTTCGCAAACCCATTTGAAATCTATAGATCACTGAGGA 
TTGTTAATCCAAGCCCATATATGACTTATT 


00*f I 


Acn^R^Acn 
MojJOOHrtoll 

GAC-AAC 


AATAARTrATATATRfiRrTTftfiATTAACAATCnTCARTGATCTATA 

GATnCAMTGGGTnGGGMCGnCGCCTTTCAAAACGCTGACTT 

AGTACGATCTGGAATATGTCACCAGCAAG 


5842 




PftTTPftPAAAPPrATTT 
V^O I I wOvnnnuvwn 1 1 I 


5843 




AAATftntrnTftrftAAPfi 

nnn I OOO 1 1 1 OwOnnUO 


5844 

vU X r 


Tm Ovprnrflrliirtinn 

AS 

Catharanthus roseus 


CTGGCTGGGGACATATTCCAGCTTGTCCTAAGTCAGCGTTTTGAA 
CGGCGMCATTTGCAAATCCATTTGAAGTCTACCGAGCATTGAGA 
ATTGTCAACCCAAGTCCATATATGACTTATT 


5845 


Asp354Asn 
GAT-AAT 


AATAAGTCATATATGGACTTGGGTTGACAATTCTCAATGCTCGGTA 
GACTTCAAATGGATTTGCAAATGTTCGCCGTTCAAAACGCTGACTT 
AGGACAAGCTGGAATATGTCCCCAGCCAG 


. 5846 




CATTTGCAAATCCATTT 


5847 




AAATGGATTTGCAAATG 


5848 
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Example 10 
Production of modified starch in plants 

A principal aim of biotechnology is the improvement of crop plants for food value, 
agriculture, and to produce a range of plant-derived raw materials. Along with oils, fats and proteins, 
polysaccharides constitute the main raw materials derived from plants, and apart from cellulose, the storage 
polymer starch is the most important polysaccharide raw material. Starch is derived from a range of plants, 
but maize is the most important cultivated plant for the production of starch. 

The polysaccharide starch is a polymer made up of glucose molecules. However, starch is 
not a homogeneous raw material and is, in fact, a highly complex mixture of various types of molecules 
which differ from each other, for example, in their degree of polymerization and in the degree of branching of 
the glucose chains. For example, amylose-starch is a basically non-branched polymer made up of 
a-1,4-glycosidically branched glucose molecules, and amylopectin-starch is a complex mixture of variously 
branched glucose chains. The branching results from additional a-1,6-glycosidic linkages. In plants from 
which starch is typically isolated, for example maize or potato, the starch is approximately 25% 
amylose-starch and 75% amylopectin-starch. 

In maize, various mutants in starch metabolism are known, for example waxy, sugary, 
shrunken and opaque-2. In addition to producing a modified starch, these mutations greatly improve grain 
quality in maize, and thus expand the use of maize not only as the food but also for the important industrial 
materials in food chemistry. It would therefore be advantageous to be able readily to obtain mutants in these 
genes in particular maize genotypes as well as other plants. Such plants can be obtained, for example, 
using traditional breeding methods and through specific genetic modification by means of recombinant DNA 
techniques. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations in genes involved in starch metabolism. 



WO 01/92512 



-135- 



PCT/US01/17672 



Table 20 

Genome-Altering Oliqos Conferring Increased Starch 



Plants Targeted 
Alteration 


- . 

><y-y-y-y-: >w-: : -WW**™** : : :v;:-. : ; ; : : : : v;:v: : : : :v: : : : : : : : : :-:.:v: : y^yy-: WXW'Vtt* -y.yy . 

. ... 

Altering Oiigos 


SEQID 

NO; 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 


GMCTTGAGACTGAGAAAAGGGATCCAAGGACAGTTGCTTCCATT 
ATTCTTGGAGGTGG^AAAGGAACTCGACTCTTTCCTCTCACAAAA 
CGCCGCGCCAAGCCTGCCGTTCCTATCGGGG 


5849 


Ala99Lys 

fiHA-AAA 


CCCCGATAGGAACGGCAGGCTTGGCGCGGCGTTTTGTGAGAGGA 

A kCZLCZTCCZLCZYTCC \ 1 1 1 CCACCTCCbkftAATALTCZClbAftCAbCT 
MMVJMO 1 UOnO 1 1 ww 1 J_!_ 1 U^nl»U 1 wwMMoMM i MM 1 OOwvjwMMw 1 

GTCCTTGGATCCCTTTTCTCAGTCTCAAGTTC 

v.? 1 ww i i vjvjn i www i 1 i i w i vr\vj i w i wnn\j i i w 


5850 




GAGGTGGAAAAGGAACT 


5851 




AGTTCCTTTTCCACCTC 


5852 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 


CAAAACGCCGCGCCAAGCCTGCCGTTCCTATCGGGGGAGCCTAT 
AGGTfGATAGATGTACTAATGAGCAATTGTATTAACAGCGGAATCA 
ACAAAGTCTACATACTCACACAATATAACTC 


5853 


Pro127Leu 
CCA-CTA 


GAGTTATATTGTGTGAGTATGTAGACTTTGTTGATTCCGCTGTTAA 

TAPAATTf^PTPATTACTArATrTATPAAPPTATArifJPTr'PPPPriAT 
1 ftbnft 1 1 OL> 1 OA 1 1 HU 1 AOA 1 1 A 1 VjAAL«L> 1 A 1 AOoL> 1 OOOOOuA 1 

AGGAACGGCAGGCTTGGCGCGGCGI IMG 


5854 




AGATGTACTAATGAGCA 


5855 




TGCTCATTAGTACATCT 


5856 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 


TCACACAATATAACTCAGCATCATTGAACAGGCATTTAGCCCGTGC 
TTACAACTCCAATAATCTTGGCTTTGGAGATGGCTATGTTGAGGTT 
CTTGCGGCCACTCAAACGCCAGGAGAATC 


5857 


Gly162Asn 
GGA-AAT 


GATTCTCCTGGCGTTTGAGTGGCCGCAAGAACCTCAACATAGCCA 

TrTrPAAAf5rrAAf5AtTATTf2fiAr5TT^TAAnrAP^f5r5f N TAAATf2r' 
1 \j 1 UvAAAOOOAAOH 1 1 A 1 1 VJUAU M VJ 1 AAOOAOVJOUU 1 AAA 1 

CTGTTCAATGATGCTGAGTTATATTGTGTGA 


5858 




CTCCAATAATCTTGGCT 


5859 




AGCCAAGATTATTGGAG 


5860 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 


TCACACAATATAACTCAGCATCATTGAACAGGCATTTAGCCCGTGC 
TTACAACTCCAATAACCTTGGCTTTGGAGATGGCTATGTTGAGGTT 
CTTGCGGCCACTCAAACGCCAGGAGAATC 


5861 


Gly162Asn 
GGA-AAC 


GATTCTCCTGGCGTTTGAGTGGCCGCAAGAACCTCAACATAGCCA 
TCTCCAAAGCCAAGGTTATTGGAGTTGTAAGCACGGGCTAAATGC 
CTGTTCAATGATGCTGAGTTATATTGTGTGA 


5862 




CTCCAATAACCTTGGCT 


5863 




AGCCAAGGTTATTGGAG 


5864 
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Phenotype, Gene, 
Plants Targeted 


:v: : :-:-x.Xv>x-:->V-:-:.v:.:-^ 

Altering Ollgos : 


SEft ID 
NO: 




In rrooeaH Qfor/*h 

iiiuicdbcu oidrun I 
ADPGPP 

Arabidopsis thaliana 


P.TTTP.AP.AP.AAP.AA AP.PTAPAPPPPPA A a atptppptppa ATP AT 

bill bAbAbAAbAAAbb 1 AbAULubuAAAA 1 b 1 boO 1 bLAA 1 UA 1 

TCTAGGAGGAGGCAAAGGAGCTAAACTCTTCCCTCTTACAATGAG 
AGCCGCAACACCAGCTGTAAATATTCATCTT 


oobo 


Aenlflfll \/e 

MSniUULyS ; 

AAT-AAA 


A AP ATP A ATA'I 1 I'A^A^TP^TO'I lOAOP/^TOT^AI I ATA A A AAA 

AAbAlbAAIAI 1 1 AOAGCTGGTGTTGCGGCTCTCATTGTAAGAGG 
GAAGAGTTTAGCTCCTTTGCCTCCTCCTAGAATGATTGCAGCCAC 
Al 1 1 1 GCGGGTCTACCTTTCTTCTCTCAAAC 


5866 




op a aaa a a a a a a /^at a a 

GGAGGCAAAGGAGCTAA 


5867 




TTAGCTCCjTTGCCTCC 


5868 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 


CTTGTGTCTTCAAATTATGTTAGGTTCCTGTTGGTGGATGCTACAG 
GCTGATCGATATCCTGATGAGTAACTGTATTMCAGCTGCATCMC 
AAGATATTTGTGCTGACACAGTTCAACTC 


5869 


riOl^oLeU 

CCG-CTG 


GAGTTGAACTGTGTCAGCACAAATATCTTGTTGATGCAGCTGTTAA 

TACAGTTACTCATCAGGATATCGATCAGCCTGTAGCATCCACCAA 

CAGGAACCTAACATAATTTGAAGACACAAG 


5870 




A A ATA TA ATA A T/"* A AT A 

CGATATCCTGATGAGTA 


5871 




TAOTP ATA A A A AT A TOO 

TACTCATCAGGATATCG 


5872 


increase u oiarcn 
ADPGPP 

Arabidopsis thaliana 


TP A P A P A PTTP A APTPAPPTTPPPTTA ATPP A A A 1 1 1 A nnA^r* A An 

1 bAOAUAb 1 1 L»AAU 1 UAbO 1 1 000 1 1 AA 1 LbAOAl 1 lAbCACbAAC 

nATmGGGMTMTATAMCTTTGGAGGTGGrrrCGTAGAGGTA 
CAAACACTATGACAATAATAACTCTCAGC 


cot** 

5873 


GGC-AAT 


PATp A A A PI I'A 1 1 A'l 1 ATA AT A /^TA'VI'TAT a AATAT a OO AAA OO A r\ 

GCTGAGAGTTATTATTGTCATAGTGTTTGTACCTCTACGAAACCAC 
CTCCAAAGTTTATATTATTCCCAAAATAAGTTCGTGCTAAATGTCG 
ATTAAGGGAAGCTGAGTTGAACTGTGTCA 


5874 




TAAA A ATA ATATA A A PT 

TGbGAATAATATAAACT 


5875 




AP I TT ATATTATT^O A 

Abl 1 IATATTATTCCCA 


5876 


increasea oiarcn 
ADPGPP 

Arabidopsis thaliana 


TP A P A P A PTTP A APTPAPPTTPPPTTA ATPPAPATTTAPPAPPA AP 

1 bAUAbAb 1 1 UAAU 1 OAbU 1 1 bbb 1 1 AA 1 UbAuATTTAbOACbAAO 
TTAI 1 1 1 GGGAATAACATAAACTTTGGAGGTGGTTTCGTAGAGGTA 
CAAACACTATGACAATAATAACTCTCAGC 


PQ77 

5877 


oly 1 OOASll 

GGC-AAC 


PPTP AAA ATT ATT ATT ATA AT A ATA'I 1 TAT A A AT AT A A A AAA A A A A 

1 CaAtaAbl IATTATTGTCATAGTGI 1 1 GTACCTCTACGAAACCAC 
CTCCAAAGTTTATGTTATTCCCAAAATAAGTTCGTGCTAAATGTCG 
ATTAAGGGAAGCTGAGTTGAACTGTGTCA 


5878 




TA A A A ATA A A ATA A A AT 

TGGGAATAACATAAACT 


5879 




AGTTTATGTTATTCCCA 


5880 


Increased Starch 
ADPGPP 

Lycopersicon 


TTGAGGAACAACCAACGGCAGATCCAAAAGCTGTTGCCTCTGTCA 
TTCTAGGTGGTGGTAAAGGAACTCGTC 1 1 1 1 1 CCTCTTACAAGCA 
GAAGAGCTAAACCAGCTGTTCCTATTGGTGG 


5881 


esculentum 

Val94Lys 

GTT-AAA 


CCACCAATAGGAACAGCTGGTTTAGCTCTTCTGCTTGTAAGAGGA 
AAAAGACGAGTTCCTTTACCACCACCTAGAATGACAGAGGCAACA 
GCI 1 1 IGGATCTGCCGTTGGTTGTTCCTCAA 


5882 




TGGTGGTAAAGGAACTC 


5883 
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Phenotype, Gene, 
Plant & Targeted 
Alteration 


Altering Oligos 


SEQ ID 

HO:. 




GAGTTCCniACCACCA 


5884 


Increased Starch 

ADPGPP 

Lycopersicon 


CAAGCAGAAGAGCTAAACCAGCTGTTCCTATTGGTGGTTGTTACC 
GGCTMTTGATGTACAAATGAGTAACTGCATTAACAGTGGCATAC 
GGAAAAI 1 1 1 CATCTTAACACAGTTCAATTC 


5885 


esculentum 
Pro122Leu 
CCA-CAA 


GAATTGAACTGTGTTAAGATGAAAATnTCCGTATGCCACTGTTAA 
TGCAGTTACTCATTTGTACATCAATTAGCCGGTAACAACCACCAAT 
AGGAACAGCTGGTTTAGCTCTTCTGCTTG 


5886 




TGATGTACAAATGAGTA 


5887 




TACTCATTTGTACATCA 


5888 


Increased Starch 

ADPGPP 

Lycopersicon 


CACAGnCAATTCCI 1 1 1 CCCTCAATCGTCACCTTGCCCGCACGTA 

TA A Till A A ATA AT^TPPr 1 1 1 1 I ^PAfATPPA 1 1 1 iTr*/"* A fV^TT 

IAA1 1 1 IbbAAAIAATljIbuul 1 1 IbbAbAlbuAl 1 IblbuAbul 1 
TTAGCTGCAACCCAGACTCCAGGGGATGC 


5889 


esculentum 
Gly158Asn 
GGA-AAT 


GCATCCCCTGGAGTCTGGGTTGCAGCTAAAACCTCCACAAATCCA 

•TATAA A A A A f\ A A A TTTAA A A A A 1 1 A T" A ^ f^Tf^ A O ^ A A /"*T" 

TCTCCAAMCCCACATTATTTCCAAAATTATACGTGCGGGCAAGGT 
GACGATTGAGGGAAAAGGAATTGAACTGTG 


5890 




TGGAAATAATGTGGGTT 


5891 




AACCCACATTATTTCCA 


5892 


Increased Starch 

ADPGPP 

Lycopersicon 


CACAGTTCAATTCCTn TCCC 1 CAATCGtCACCTTGCCCGCACGTA 

TA A 1 1 1 1 A A ATA A Pffl'^^ 1 1 1 I^PA^ATf*PA 1 1 1 PTPPAPPTT 

TAAl 1 1 IbbAAAl AAlAalbbbl 1 1 IbbAbAlbbAI 1 IblboAbbl 1 
TTAGCTGCAACCCAGACTCCAGGGGATGC 


5893 


esculentum 
Gly158Asn 
GGA-AAC 


GCATCCCCTGGAGTCTGGGTTGCAGCTAAMCCTCCACAAATCCA 
TCTCCAAAACCCACGTTATTTCCAAAATTATACGTGCGGGCAAGGT 
GACGATTGAGGGAAAAGGAATTGAACTGTG 


5894 




TGGAAATAACGTGGGTT 


5895 




AACCCACGTTATTTCCA 


5896 


Increased Starch 

ADPGPP 

Cicerarietinum 


ACGTAGATTTGGAAAAAAGAGACCCAAGTACAGTTGTAGCAATTAT 

ACTAGGTGGAGGTAAAGGAACTCGTCTCTTCCCTCTCACCAAGC 

GACGAGCCAAGCCTGCTGTTCCAATTGGAGG 


5897 


Ala101Lys 
GCT-AAA 


CCTCCAATTGGAACAGCAGGCTTGGCTCGTCGCTTGGTGAGAGG 
GAAGAGACGAGTTCCTTTACCTCCACCTAGTATAATTGCTACAACT 
GTACTTGGGTCTCTTTTTTCCAAATCTACGT 


5898 




TGGAGGTAAAGGAACTC 


5899 




GAGTTCCTTTACCTCCA 


5900 
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Plants Targeted 


• 

5- 

AHeringOligos 

< 


SEQ ID 

NO; 

* • 


Increased Starch 
ADPGPP 
Cicer arietinum 


CCAAGCGACGAGCCAAGCCTGCTGTTCCAATTGGAGGTGCTTATA 
GGCTGATAGATGTACTAATGAGTAACTGCATCAATAGTGGGATCAA 
CAAAGTATACATTCTCACTCAATTTAATTC 


5901 


Prn19QI on 

CCA-CTA 


fib ATT A A ATTfA/T/^A^A AT/^TATAf 1 1 1 rTTP/lT^^A^TATTAAT 

GAAI IAAAI 1 GAG 1 GAGAA 1 G 1 Al AOI 1 IGI IGAIOGGA0IAI IGAI 
GCAGTTACTCATTAGTACATCTATCAGCCTATAAGCACCTCCMTT 
GGAACAGCAGGCTTGGCTCGTCGCTTGG 


5902 




A P ATPT A PT A ATP A PT A 
Ab A 1 b 1 Ab JAM 1 bAo 1 A 






TAPTP ATTAPTAPATPT 

lAblbAI lAblAbAlbl 


5904 


Hicreaseu oiarcn 
ADPGPP 
Cicer arietinum 


PTP A A 1 1 1 A ATTP A PPPTP A PTP A A P A PPP AT ATTP P A PPTPPTT A 

b 1 bAAl 1 1 AA 1 1 bAbbb 1 bAb 1 bAAbAbbbA 1 Al 1 bbAbb 1 bb 1 1 A 

TAACTCTGGTACTAATGTCACTTTTGGAGATGGCTATGTTGAGGTT 
CTTGCAGCAACTCAAACTCCAGGGGAGCA 


cone 
o90o 


vjiy i DDAsn 
GGA-AAT 


1 G0T0000TGGAG 1 1 1 GAGTTGCTGCAAGAACCTCAACATAGCCA 
TCTCCAAAAGTGACATTAGTACCAGAGTTATAAGCACGTGCAATAT 
GCCTGTTGAGTGAGGCTGAATTAAATTGAG 


er aa^ 

5906 




1 bb 1 Ab 1 AATb 1 bAb 1 1 


5907 




AAb 1 bAUATTAb f AbbA 


5908 ? 


IllOicdbcU OlaiCn 

ADPGPP 
Cicer arietinum 


PTP A A TTT A ATTP A PPPTP APTP A AP A PPP AT ATTPP A PPTPPTT A 

b 1 bAA 1 1 1 AA 1 1 bAbbb 1 bAb 1 bAAbAbbbA 1 A 1 1 bbAbb 1 bb 1 1 A 

TAACTCTGGTACTAACGTCACI 1 1 1 GGAGATGGCTATGTTGAGGTT 
CTTGCAGCAACTCAAACTCCAGGGGAGCA 


cnno 

obuy 


ftlv/IACAcn 
\J\y I OOMSlJ 

GGA-AAC 


1 GO 1 0000 1 GGAG 1 1 1 GAG 1 TGOTGOAAGAACOToAACATAGCCA 
TCTCCAAAAGTGACGTTAGTACCAGAGTTATAAGCACGTGCAATAT 
GCCTGTTGAGTGAGGCTGAATTAAATTGAG 


5910 




TPPTAPTA APPTPArTT 

1 bb 1 Ab 1 AALb 1 bAb 1 1 


5911 




A APTPAPPTTAPTAPPA 

AAb 1 bAbul lAb 1 AbbA 


CAH A 

5912 


inureasca oiarcn 
ADPGPP 
Ipomoea batatas 


ATATTf2f2Af^ Annnryrnnncn ^ a apppta ap a atptppptppa atp 
A 1 A II bbAbAbbbb 1 bbbbbAAAbbb 1 AAbAA 1 b 1 bbb 1 bbAA 1 b 

ATACTGCCAGGCGGTAAAGGGACACACCTATTCCCTCTCACCAAT 
CGAGCTGCAACCCCTGCTGTTCCACTTGGAG 


591 o 


GCA-AAA 


0 1 OOAAG 1 GGAAOAGOAGGGG 1 1 GOAGO 1 OGAT 1 GG 1 GAGAGGG 
AATAGGTGTGTCCCTTTACCGCCTGGCAGTATGATTGCAGCCACA 
TTCTTAGGGTTTGCCCGACGCCTCTCCAATAT 


CA<1 A 

5914 




papppppta a apppap a 
bAbbbbb 1 AAAbbbAbA 


5915 




t/ttpppttta HmnrTr* 

1 b 1 bbb 1 1 lAbbbbb 1 b 


5916 


Increased Starch 
ADPGPP 
Ipomoea batatas 


CCAATCGAGCTGCAACCCCTGCTGTTCCACTTGGAGGATGCTATA 
GGTTGATCGACATTCTAATGAGCAACTGCATCAACAGCGGGGTTA 
ACAAGATCTTTGTGCTGACCCAGTTCAATTC 


5917 


Pro122Leu 
CCA-CTA 


GAATTGAACTGGGTCAGCACAAAGATCTTGTTAACCCCGCTGTTG 

ATGCAGTTGCTCATTAGAATGTCGATCAACCTATAGCATCCTCCAA 

GTGGAACAGCAGGGGTTGCAGCTCGATTGG 


5918 




CGACATTCTAATGAGCA 


5919 
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Phenotype, Gene, 
Plants Targeted 
Alteration 


Illllllllfl:: 

mmmmwmm 

. ; : : : : - 

V.7. ::■?«:•■ 

• 






mmmmm 


seqid: 

NO: 




TGCTCATTAGAATGTCG 


5920 


Increased Starch 
ADPGPP 
Ipomoea batatas 
Gly157Asn 
GGT-AAT 


TGACCCAGTTCAATTCAGCTTCTCTTAACCGTCACATTTCCCGTAC 
CGTCTTTGGCAATAATGTGAGCTTCGGAGATGGATTTGTTGAGGT 
GCTGGCTGCAACCCAMCACAAGGGGAAAC 


5921 


GTTTCCCCTTGTGTTTGGGTTGCAGCCAGCACCTCAACAMTCCA 

T^Tf^/"* A A rTTf* A C ATT ATT^/"V" > A A A f* A / > rT > T A Cf^f^r' A A 4T^TP A 

1 0 1 Ut/bAAbO 1 CAuATTA 1 1 bUbAAAbAUbb 1 ALbbbAAA 1 b 1 bA 
CGGTTAAGAGAAGCTGAATTGAACTGGGTCA 


5922 


TGGCAATAATGTGAGCT 


5923 


AGCTCACATTATTGCCA 


5924 


Increased Starch 
ADPGPP 
Ipomoea batatas 
Gly157Asn 
GGT-AAC 


TGACCCAGTTCAATTCAGCTTCTCTTAACCGTCACATTTCCCGTAC 
CGTCTTTGGCAATAACGTGAGCTTCGGAGATGGATTTGTTGAGGT 
GCTGGCTGCAACCCAMCACAAGGGGAAAC 


5925 


GTTTCCCCTTGTGTTTGGGTTGCAGCCAGCACCTCAACAAATCCA 
TCTCCGMGCTGACGTTATTGOCAAAbACbG 1 AObGbAAATb IbA 
CGGTTAAGAGAAGCTGAATTGAACTGGGTCA 


5926 


TGGCAATAACGTGAGCT 


5927 


AGCTCACGTTATTGCCA 


5928 


Increased Starch 
ADPGPP 
Oryza sativa 
Thr96Lys 
ACC-AAA 


CATTCCGGAGGAACTTTGCGGATCCAAATGAGGTTGCTGCTGTTA 
TATTGGGTGGTGGCAAAGGGACTCAAC 1 1 1 1 1 CCTCTCACAAGCA 
CAAGGGCCACGCCTGCTGTTCCTATTGGAGG 


5929 


CCTCCAATAGGAACAGCAGGCGTGGCCCTTGTGCTTGTGAGAGG 
AAAAAGTT6AGTCCC 1 1 1 GCCACCACCCMTATMCAGLAGCAAU 
PTPATTTftftATrPftPAAAfTrTrPTPrftftAATft 


5930 


TGGTGGCAAAGGGACTC 


5931 


GAGTCCCTTTGCCACCA 


5932 


ADPGPP 
Oiyza sativa 
Pro1.24Leu 
CCC-CTC 


CAAGCACAAGGGCCACGCCTGCTGTTCCTATTGGAGGATGCTATA 
GGCTTATCGATATCCTCATGAGCAACTGTTTCAACAGTGGCATAAA 
CAAGATATTCATAATGACTCAATTCAACTC 


5933 


GAGTTGAATTGAGTCATTATGAATATCTTGTTTATGCCACTGTTGAA 
ACAGTTGCTCATGAGGATATCGATAAGCCTATAGCATCCTCCAATA 
GGAACAGCAGGCGTGGCCCTTGTGCTTG 


5934 


CGATATCCICATGAGCA 


5935 


TGCTCATGAGGATATCG 


5936 


Increased Starch 
ADPGPP 
Oryza sativa 
Gly159Asn 
GGA-AAT 


TGACTCAATTCAACTCAGCATCTCTTAATCGTCACATTCATCGTAC 

GTACCTTGGTGGTaATATCAACTTTACTGATGGTTCTGTTGAGGTA 

TTAGCCGCTACACAAATGCCTGGGGAGGC 


5937 


GCCTCCCCAGGCATTTGTGTAGCGGCTAATACCTCAACAGAACCA 
TCAGTAAAGnGATATTACCACCAAGGTACGTACGATGAATGTGAC 
GATTAAGAGATGCTGAGTTGAATTGAGTCA 


5938 
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ftienotype, Gene, ? 
Plants Targeted 
• Alteration . 


■ 

< ■■■■ 


•:•:;*:•:■:;:•>:* 


. • -.. s >■ ^- ' \ 

•* 

Altering Oligos 

• 

. 


SEQID 

NO;; 




TGGTGGTAATATCAACT 


5939 


AGTTGATATTACCACCA 


5940 


increaseo oiarcn 
ADPGPP 
Oryza sativa 
Gly159Asn 
GGA-AAC 


TGACTCAATTCAACTCAGCATCTCTTAATCGTCACATTCATCGTAC 

GTACCTTGGTGGTAACATCAACTTTACTGATGGTTCTGTTGAGGTA 

TTAGCCGCTACACAAATGCCTGGGGAGGC 


com — 
5941 


GCCTCCCCAGGCATTTGTGTAGCGGCTAATACCTCAACAGAACCA 
TCAGTAAAGTTGATGJTACCACCAAGGTACGTACGATGAATGTGA 

fV* ATT A A iPATPPTr 1 A t^TTf* A ATTO A ^Tf* A 

LbAI 1 AAbAbA 1 bL> 1 bAb 1 IbAAl IbAblLA 


5942 


TGGTGGTAACATCAACT 


5943 


AGTTGATGTTACCACCA 


5944 


Increased Starch 
ADPGPP 
Triticum aestivum 
Thr80Lys 
ACC-AAA 


GTCCTTCAGGAGGATTAAGCGATCCGAACGAGGTTGCGGCCGTC 
ATACTCGGCGGCGGCAAAGGGACTCAGCTCTTCCCACTCACGAG 
CACAAGGGCCACACCTGCTGTTCCTATTGGAGG 


5945 


CCTCCAATAGGAACAGCAGGTGTGGCCCTTGTGCTCGTGAGTGG 
GAAGAGCTGAGTCCCTTTGCCGCCGCCGAGTATGACGGCCGCAA 
CCTCGTTCGGATCGCTTAATCCTCCTGAAGGAC 


5946 


CGGCGGCAAAGGGACTC 


5947 


GAGTCCCTJTGCCGCCG 


5948 


Increased Starch 
ADPGPP 
Triticum aestivum 
Pro108Leu 
CCC-CTC 


CGAGCACAAGGGCCACACCTGCTGTTCCTATTGGAGGATGTTACA 

GGCTCATCGACATTCTCATGAGCAACTGCTTCAACAGTGGCATCA 

ACAAGATATTCGTCATGACCCAGTTCAACTC 


5949 


GAGTTGAACTGGGTCATGACGAATATCTTGTTGATGCCACTGTTG 

AAGCAGTTGCTCATGAGAATGTCGATGAGCCTGTAACATCCTCCA 

at a/"V a A Ar*^ Ar > r , Tr»Tr > rT > r > r , TTr , Tr , r , Tr , r» 
A 1 AbbAAUAbLAbb 1 b 1 bbl/OL 1 1 b 1 bO 1 L»b 


5950 


CGACATTCTCATGAGCA 


5951 


TGCTCATGAGAATGTCG 


5952 


increasea otarcn 
ADPGPP 

Triticum aestivum 

n\\ti A'X Ai>n 

oly l40ASn 

GGA-AAT 


TGACCCAGTTCAACTCGGCCTCCCTTAATCGTCACATTCACCGCA 
CCTACCTCGGCGGGAATATCAATTTCACTGATGGATCCGTTGAGG 
TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5953 


GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACGGATCC 
ATCAGTGAAATTGATATTCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGGGAGGCCGAGTTGAACTGGGTCA 


5954 


CGGCGGGAATATCAATT 


5955 


AATTGATATTCCCGCCG 


5956 


Increased Starch 
ADPGPP 

Triticum aasHmm 


TGACCCAGTTCAACTCGGCCTCCCTTAATCGTCACATTCACCGCA 

CCTACCTCGGCGGGAACATCAATTTCACTGATGGATCCGTTGAGG 

TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5957 



Gly143Asn 
GGA-AAC 



WO 01/92512 



-141- 



PCT/US01/17672 



Plant s Targeted 
Alteration 


Altering Oligos 

- 

: ' • ... 


NO: ; 




GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACGGATCC 
ATCAGTGAMTTGATGTTCCCGCCGAGGTAGGTGCGGTGMTGTG 
ACGATTMGGGAGGCCGAGTTGMCTGGGTCA 


5958 




CGGCGGGAACATCMTT 


5959 




AATTGATGTTCCCGCCG 


5960 


Increased Starch 

II Ivl wuwwU ULUI VII 

ADPGPP 
Oryza sativa 


CCTCCCGAMGMTTATGCTGATGCMGCCACGTTTCTGCTGTCA 
1 1 1 IGGGTGGAGGCAAAGGAGTTCMCTCTTTCCTCTGACMGCA 
CMGGGCTACCCCCGCTGTTCCTGTTGGAGG 


5961 


Thr95Lvs 
ACT-AM 


CCTCCMCAGGMCAGCGGGGGTAGCCCTTGTGCTTGTCAGAGG 
AMGAGTTGMCTCCTTTGCCTCCACCCAAMTGACAGCAGAMC 
GTGGCTTGCATCAGCATMTTCTTTCGGGAGG 


5962 




TGGAGGCAAAGGAGTTC 


5963 




nAArTrrnrfirrTrcA 

Vjnnw 1 vyQ 1 1 1 VJuv 1 wOn 


5964 


increased otarcn 
ADPGPP 
Oryza sativa 


uAAoOALf AAVjovjO 1 AouUl/Oou loll L»L» loll ouAouA loll MUM 

GGCTTATTGACATCCTTATGAGCMTTGCTTCMTAGCGGMTAM 
TMMTATTTGTGATGACTCAGTTCMTTC 


oyoo 


Pro1 23 Leu 

CCT-CTT 


GAAI IGAAfMGAGICAICACAAAl Al 1 1 IAI 1 IAI ICCGCIAI I'GM 
GCAATTGCTCATAAGGATGTCAATAAGCCTGTAACATCCTCCAACA 
GGAACAGCGGGGGTAGCCCTTGTGCTTG 


5966 




TttArATnOTTATfiAfinA 


5967 




1 uw 1 OA 1 nnOOn 1 V3 1 OA 




Increased Starch 
ADPGPP 
Oryza sativa 


tgactcagttcaattctgcttctcttaatcgccAtatccatcatac 
ataccttggtgggaatatcmctttactgatgggtctgtgcaggt 
attggctgctacacamtgcctgacgmcc 


5969 


Glv158Asn 
GGG-MT 


GGTTCGTCAGGCATTTGTGTAGCAGCCMTACCTGCACAGACCCA 

i i i v./nv3vjv/n i i i vivji nvjvnvjwvnn i nw i vwnvnvjnvvvn 

TCAGTAMGTTGATATTCCCACCMGGTATGTATGATGGATATGGC 
GATTMGAGMGCAGMTTGMCTGAGTCA 


5970 ! 




TGGTGGGAATATCMCT 


5971 
»»iii 




AGTTGATATTCCCACCA 


5972 


Innrpa^pd Starch 
ADPGPP 
Oryza sativa 


tgactcagttcaattctgcttctcttaatcgccatatccatcatac 
ataccttggtgggaacatcmctttactgatgggtctgtgcaggt 

ATTGGCTGCTACACAMTGCCTGACGMCC 


5973 


Gly158Asn 
GGG-MC 


GGTTCGTCAGGCATTTGTGTAGCAGCCMTACCTGCACAGACCCA 
TCAGTAMGTTGATGTTCCCACCMGGTATGTATGATGGATATGGC 
GATTMGAGMGCAGMTTGMCTGAGTCA 


5974 




TGGTGGGAACATCMCT 


5975 




AGTTGATGTTCCCACCA 


5976 
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Phenotype^Sehe, 
, Plant & Targeted 


::::;:H:K:v:v>:':;:^ 

i ' * Altering Oltgos • ; 4 


SEQ1D 

HQ: 


InrrpaQPfl Starr h 

ADPGPP 
Triticum aestivum 


ATACTCGGCGGTGGCAAAGGGACTCAGCTCTTCCCTCTCACAAG 
CACAAGGGCCACACCTGCTGTTCCTATTGGAGG 


5Q77 


ThrQQI vc 
l ill 33i_y& 

ACC-AAA 


OPTfP A AT A Cf^ A A P A f^P A ^riT^T^^PPPTTfTT^SPTTrfTrfS A d A ftft 
1 OOAA 1 AbbAAOAbOAbb 1 b 1 bbOOO 1 1 b 1 bO 1 I b I bAbAbb 

GAAGAGCTGAGTCCCTTTGCCACCGCCGAGTATGACGGCCGCGA 
CCTCGTTCGGATCGGCGTAATTCCTGCGGAAGG 


5Q7A 

oy/o 


1 


Obb 1 bbOAAAbbbAO 1 0 


CQ7Q 

oy/y 




pa^tpppi 1 1 prpArr^ 
uAo 1 OOOj I 1 bOOAOOb 


scan 


Increased Starch 
ADPGPP 
Triticum aestivum 


CAAGCACAAGGGCCACACCTGCTGTTCCTATTGGAGGATGTTACA 
GGCTCATCGATATTCTCATGAGCAACTGCTTCAATAGTGGCATCAA 
CAAGATATTCGTCATGACGCAGTTCAACTC 


r An a 

5981 


Drn1 071 an 

rro i^ / Leu 
CCC-CTC 


p apttp a a ptppptp ATP a pp a at atpttpttp a tppp a pt attp a 
bAb 1 1 bAAO 1 bub 1 OA 1 bAObAA 1 A 1 0 1 1 b 1 1 bA 1 bOOAO 1 A II bA 

AGCAGTTGCTCATGAGAATATCGATGAGCCTGTAACATCCTCCAA 
TAGGAACAGCAGGTGTGGCCCTTGTGCTTG 


oyoz 




ppatattptpatpappa 
ObAIAI lOXOAIbAbOA 


oyuo 




TPPTPATPAP A ATATPP 

1 bO 1 OA 1 bAbAA 1 A 1 Ob 


! KQQ/1 


increaseu oiarcn 
ADPGPP 

Triticum aestivum 


TR A PftP A ftTTP A APTPftftPPTPTPTT A ATP fSTP AP ATTP AP CCX P A 
I OnUoUnb 1 1 uMAO I UOOUU I L» 1 L» 1 1 nn 1 1 \jn\jr\ \ 1 UMV*»OOOM 

CCTACCTCGGCGGGAATATCAATTTCACTGATGGATCTGTTGAGG 
TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


oyoo 


GGA-AAT 


C s C s CTf K C*C*f s C > f*f > C k ATTTPPPTPPPPPPP A AT A PPTP A A P AP ATPP 

bOO 1 OOOObbbOA 1 1 1 bOb 1 ObObbOOAA 1 AOO 1 OAAOAbA 1 00 

ATCAGTGAAATTGATATTCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGAGAGGCCGAGTTGAACTGCGTCA 


oyoo 




PfiPPPPP A ATATP A ATT 
ObbObbbAAIA 1 OAA 1 1 


oyo/ 




A ATT/^ATATTPPPPPP^ 
AAI 1 bA 1 AM OOObOOb 


/;qqq 
oyoo 


IIIL/I tJdotJU OLdlUIl 

ADPGPP 
Triticum aestivum 


TriAPHPA^TTPAAPTPr^f^PPTPTPTTAATPnTPAPATTPAPPfiPA 

CCTACCTCGGCGGGAACATCAATTTCACTGATGGATCTGTTGAGG 
TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


0909 


GGA-AAC 


f^PPTPPPP^f^PATTTftPPTP^Pf^PPAATAPPTPAAPAfSATPP 
bOO 1 OOOObbbOA 1 1 1 bOb 1 ObObbOOAA 1 AOO 1 OAAOAbA 1 OO 

ATCAGTGAAATTGATGTTCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGAGAGGCCGAGTTGAACTGCGTCA 


oyyu 




mcicncici a apatpa att 
ObbObbbAAwA 1 OAA 1 1 


oyy i 




A ATFY2 AT/iTTPPP^PP<^ 
AM 1 1 OA 1 VJ 1 1 L>vA»V3lAA3 




Increased Starch 
ADPGPP 
Zea mays 


CTTTTCGGAGGAATTATGCTGATCCTAATGAAGTCGCTGCCGTCA 
1 1 1 IGGGTGGTGGTAAAGGGACTCAGCTTTTCCCTCTCACAAGCA 
CAAGGGCCACCCCTGCTGTTCCTATTGGAGG 


5993 


Thr96Lys 
ACC-AAA 


CCTCCAATAGGAACAGCAGGGGTGGCCCTTGTGCTTGTGAGAGG 
GAAAAGCTGAGTCCCTTTACCACCACCCAAAATGACGGCAGCGAC 
TTCATTAGGATCAGCATAATTCCTCCGAAAAG 


5994 




TGGTGGTAAAGGGACTC 


5995 
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Plant & Targeted 
Alteration 


Altering Oiigos 


SEQID 

; Mtf; 




GAGTCCCIFACCACCA 


5996 


IllOiudoCU OLdlUll 

ADPGPP 
Zea mays 


U/WOL/nOnnvJOOUOnUUOU 1 \3\j loll 1 A 1 I OOnOOM loll nun 

GGCTTATTGATATCCTCATGAGCAACTGTTTCAACAGTGGCATAAA 
CAAGATATTTGTTATGACTCAGTTCAACTC 


5QQ7 


Pro124Leu 
CCC-CTC 


GAGTTGMCTGAGTCATAACAAATATCTTGTTTATGCCACTGTTGA 
AACAGTTGCTCATGAGGATATCAATAAGCCTGTAACATCCTCCAAT 
AGGAACAGCAGGGGTGGCCCTTGTGCTTG 


5998 




TGATATCCTCATGAGCA 


5999 




TGCTCATGAGGATATCA 


6000 


Increased Starch 
ADPGPP 
Zea mays 


TGACTCAGTTCAACTCAGCTTCTCTTAACCGTCACATTCATCGTAC 
CTATCTTGGTGGGAATATCAACTTCACTGATGGATCTGTTGAGGT 
GCTGGCTGCAACACAAATGCCTGGGGAGGC 


6001 


Glv159Asn 
GGG-AAT 


GCCTCCCCAGGCATTTGTGTTGCAGCCAGCACCTCAACAGATCCA 

TCAGTGAAGTTGATATTCCCACCAAGATAGGTACGATGAATGTGA 

CGGTTAAGAGAAGCTGAGTTGAACTGAGTCA 


6002 




TGGTGGGAATATCAACT 


6003 




AGTTGATATTCCCACCA 


6004 


Increased Starch 
ADPGPP 
Zea mays 


TGACTCAGTTCAACTCAGCTTCTCTTAACCGTCACATTCATCGTAC 
CTATCTTGGTGGGAACATCAACTTCACTGATGGATCTGTTGAGGT 
GCTGGCTGCAACACAAATGCCTGGGGAGGC 


6005 


Gly159Asn 
GGG-MC 


GCCTCCCCAGGCATTTGTGTTGCAGCCAGCACCTCAACAGATCCA 

TCAGTGAAGTTGATGTTCCCACCAAGATAGGTACGATGAATGTGA 

CGGTTAAGAGAAGCTGAGTTGAACTGAGTCA 


6006 




TGGTGGGAACATCAACT 


6007 




AGTTGATGTTCCCACCA 


6008 


Increased Starch 
ADPGPP 

Solanum tuberosum 


CTTGAGAGGCAAAAGAAGGGCGATGCAAGGACAGTAGTAGCAAT 

CATTCTAGGAGGGGGAAAGGGAACTCGTCTTTTCCCCCTCACCAA 

ACGTCGTGCTAAGCCTGCCGTTCCAATGGGAG 


6009 


Ala58Lys 
GCG-AAG 


CTCCCATTGGAACGGCAGGCTTAGCACGACGTTTGGTGAGGGGG 
AAAAGACGAGnCCCTTTCCCCCTCCTAGAATGATTGCTACTACTG 
TCCTTGCATCGCCCTTCTTTTGCCTCTCAAG 


6010 




GAGGGGGAAAGGGAACT 


6011 




AGTTCCCTTTCCCCCTC 


6012 


Increased Starch 
ADPGPP 

Solanum tuberosum 


CCAAACGTCGTGCTAAGCCTGCCGTTCCAATGGGAGGAGCATATA 
GGCTAATTGATGTACTAATGAGCAACTGTATTAACAGTGGCATCAA 
CAAAGTATACATTCTCACTCAATTCAACTC. 


6013 


Pro86Leu 
CCA-CTA 


GAGTTGAATTGAGTGAGAATGTATACTTTGTTGATGCCACTGTTAA 
TACAGTTGCTCATTAGTACATCAATTAGCCTATATGCTCCTCCCAT 
TGGAACGGCAGGCTTAGCACGACGTTTGG 


6014 
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Phenotype, Gene, 
l : Plant s Targeted 
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TGATGTACTAATGAGCA 



TGCTCATTAGTACATCA 



Increased Starch 
ADPGPP 

Solanum tuberosum 

Gly122Asn 

GGG-MT 



CTCMTTCMCTCAGCCTCACTTAACAGGCATATAGCTCGtGCTTA 
CAACTTTGGCAATAATGTCACAnCGAGAGTGGCTATGTCGAGGT 
CTTAGCAGCAACTCAAACACCAGGTGAATT 



AATTCACCTGGTGTTTGAGTTGCTGCTAAGACCTCGACATAGCCA 

CTCTCGMTGTGACATTATTGCCAAAGTTGTAAGCACGAGCTATAT 

GCCTGTTAAGTGAGGCTGAGTTGAATTGAG 



TGGCAATAATGTCACAT 



ATGTGACATTATTGCCA 

CTCAATTCAACTCAGCCTCACTTAACAGGCATATAGCTCGTGCTTA 
CAACTTTGGCAATAACGTCACATTCGAGAGTGGCTATGTCGAGGT 
CTTAGCAGCAACTCAAACACCAGGTGAATT 



Increased Starch 
ADPGPP 

Solanum tuberosum 

Gly122Asn 

GGG-AAC 



MTTCACCTGGTGTTTGAGTTGCTGCTAAGACCTCGACATAGCCA 

CTCTCGMTGTGACGTTATTGCCAAAGTTGTAAGCACGAGCTATAT 

GCCTGTTAAGTGAGGCTGAGTTGAATTGAG 



TGGCAATAACGTCACAT 



ATGTGACGTTATTGCCA 



IAI 1 1 GAA I C I'CCAAAAGCTGACCCAAAAAATGTGGCTGCAATTGT 

GCTGGGTGGTGGTAAAGGGACTCGCCTCTTTCCTCTTACTAGCA 

GGAGAGCTAAGCCAGCAGTGCCAATTGGAGG 



Increased Starch 
ADPGPP 
Beta vulgaris 
Ala98Lys 
GCT-AAA 



CCTCCAATTGGCACTGCTGGCTTAGCTCTCCTGCTAGTAAGAGGA 
MGAGGCGAGTCCCTTTACCACCACCCAGCACAATTGCAGCCACA 
TTTTTTGGGTCAGCTTTTGGAGATTCAAATA 



TGGTGGTAAAGGGACTC 



GAGTCCCTTTACCACCA 



Increased Starch 
ADPGPP 
Beta vulgaris 
Ala98Lys 
GCT-AAC 



TATTTGAATCTCCAAAAGCTGACCCAAAAAATGTGGCTGCAATTGT 
GCTGGGTGGTGGTAACGGGACTCGCCTCTTTCCTCTTACTAGCA 
GGAGAGCTAAGCCAGCAGTGCCAATTGGAGG 



CCTCCAATTGGCACTGCTGGCTTAGCTCTCCTGCTAGTAAGAGGA 

AAGAGGCGAGTCCCGTTACCACCACCCAGCACAATTGCAGCCAC 

ATTTTTTGGGTCAGCTTTTGGAGATTCAAATA 



TGGTGGTAACGGGACTC 



GAGTCCCGnACCACCA 



Increased Starch 
ADPGPP 
Rata vulgaris 



ctagcaggagagctaagccagcagtgccmttggAgggtgttac 
aggctgattgatgtgcfatgagcaactgcatcaacagtggcatt 
agaaagattttcattcttacccagttcaattc 



Pro126Leu 
CCT-CTT 
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Genotype, Gene, 
Plant & Targeted : 
Alteration , 


. . . • v- ; •.>>;.;.; - { . . ■ ' ■. ■• :■: . : ' s ; ' - - ' v •. ' ' ; . ' 

■>■ -- ' , " 


: - > 
SEQID 


Altering Oligos 


NO: 




nAATTfiAArT^fifiTAAttAATfiAAAATCTTTCTAATGCCACTGTTGA 

\3/A/A l 1 VJ/A/Av 1 vuU 1 rVAVJ/A/A 1 VJ/ArVA/A I v 1 1 1 VI nn 1 VJUvnVj Ivl 1 

TGCAGTTGCTCATAAGCACATCAATCAGCCTGTAACACCCTCCAA 
TTGGCACTGCTGGCTTAGCTCTCCTGCTAG 


6034 




TftATfTTftPTTATftAfiPA 


6035 




TftPTPATAAftPAPATPA 


6036 


ADPGPP 
Beta vulgaris 


cccagttcmttcgttttcgcttaatcGtCatCttgctcgaaCCta 
taai 1 1 iggagataatgtgaattttggggatggctttgtggaggtt 
tttgctgctacacaaacacctggagaatc 


! 6037 


GGT-AAT 


TCCCCAAMnCACATTATCTCCAAAATTATAGGTTCGAGCAAGAT 
GACGATTMGCGAAMCGAATTGAACTGGG 






T^f2 A f2 AT A A TCTG A ATT 


603Q 




AATTPAPATTATPTPPA 


6040 


INUcdbtJU OlalUll 

ADPGPP 
Beta vulgaris 


PPPAfiTTPAATTPfi 1 1 1 l( k (^^rTAATCGTCATCTTGCTCGAACCTA 

\j\j\jf\\D 1 1 w/A/A 1 1 wVJ III! wVJw 1 1 rVA 1 \s\J I \jr\ lull Uu I wvjnnwu 1 /A 

TMTTTTGGAGATAACGTGAATTTTGGGGATGGCTTTGTGGAGGT 
1 1 1 1 GU 1 GC 1 ACACAAACACCTGGAGAATC 


6041 


Gly162Asn 
GGT-AAC 


GATTCTCCAGGTGTTTGTGTAGCAGCAAAAACCTCCACAAAGCCA 
TCCCCAAAATTCACGTTATCTCCAAAATTATAGGTTCGAGCAAGAT 
GACGATTAAGCGAAAACGAATTGAACTGGG 


6042 




TGGAGATAACGTGAATT 


6043 




AATTCACGTTATCTCCA 


6044 
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Table 21 

Oligonucleotides to produce plants with waxy starch 



Phenotype, Gene, 
Plants Targeted 
Alteration 


• 

Altering Oligos 




•::•:■:•: :■: :•■■••:•:•.■:■:.;■:':■>:•:•:•'•:.•: 
• 


SEQ1D 

; NO: 


Waxy starch 
GBSS 

Arabidopsis thaliana 

Ser12Term 

TCA-TGA 


GAATCCAGGTAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTC 

TTPTAAPTTTftTrrTftAAfcAAPTTPAP MM PA A PA ATP ATfcfTrePTT 

CTTCATGCTCTGATGTCGCTCAGATTAC 


6045 


GTAATCTGAGCGACATCAGAGCATGAAGAAGCACCATGATTGTTGA 
AAAGTGAAGTTCTTCACACAAAGTTAGAAGAAGCAGTCACAGTTGC 
CATTATGAACTACCCGTTTACCTGGATTC 


6046 


CTTTGTGTGAAGAACTT 


6047 


AAGTTCTTCACACAAAG 


6048 


Waxy starch 
GBSS 

Arabidopsis thaliana 

Arg13Term 

AGA-TGA 


ATCCAGGTAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTCTT 
pt a a p m i ntrnnr aty^ a a pttp a pttttp a a p a atp at/^t^pttpt 

TCATGCTCTGATGTCGCTCAGATTACCT 


6040 


AGGTAATCTGAGCGACATCAGAGCATGAAGAAGCACCATGATTGTT 
GAAAAGTGAAGTTCATGACACAAAGTTAGAAGAAGCAGTCACAGTT 
GCCATTATGAACTACCCGTTTACCTGGAT 


6050 


TTGTGTCAIGAACTTCA 


6051 


TGAAGTTCATGACACAA 


6052 


Waxy starch 
GBSS 

Arabidopsis thaliana 

Ser15Term 

TCA-TGA 


TAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTCTTCTAACTT 

TfiTrJTrAAfiAArTTftAPTTTTPAArAATrATfjrSTRr'TTrTrPATr^PT 
lOIOI Wv\V3/v\ls 1 1 W\W> 1 1 1 1 lirtnOnn 1 V^ft 1 UU 1 OV-> 1 H-> 1 1 Ort 1 OL> 1 

CTGATGTCGCTCAGATTACCtTAAAAGG 


6053 


CCTTTTAAGGTAATCTGAGCGACATCAGAGCATGAAGAAGCACCAT 

GATTGTTGAAAAGTCAAGTTCTTGACACAAAGTTAGAAGAAGCAGT 

CACAGTTGCCATTATGAACTACCCGTTTA 


6054 


AAGAACIIGACIIIICA 


6055 


TGAAAAGTCAAGTTCTT 


6056 


Waxy starch 
GBSS 

Arabidopsis thaliana 

Ser24Term 

TCA-TGA 


IGACIGCI ICI ICIAACI 1 1 G 1 G 1 CAAGAAC 1 ICACI 1 1 ICAACAAI 
CATGGTGCTTCTTGATGCTCTGATGTCGCTCAGATTACCTTAAAAG 
GCCAATCCTTGACTCATTGTGGGTTAAG 


6057 


CTTAACCCACAATGAGTCAAGGATTGGCCTTTTAAGGTAATCTGAG 
CGACATCAGAGCATCAAGAAGCACCATGATTGTTGAAAAGTGAAGT 
TCTTGACACAAAGTTAGAAGAAGCAGTCA 


6058 


TGCTTCTTGATGCTCTG 


6059 


CAGAGCATCAAGAAGCA 


6060 
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Phenotype, Gehe r 
Wart & Targeted 


; Altering Oligos ; 


SEQID 
NO: 


Waxy starch 
GBSS 

Arabidopsis thaliana 

Cys25Term 

TGC-TGA 


TGCTTC TTCTAACTTTGTGTCAAGAAC 1 ICACI 1 1 ICAACAAICAIG 
GTGCTTCTTCATGATCTGATGTCGCTCAGATTACCTTAAAAGGCCA 
ATCCTTGACTCATTGTGGGTTAAGGTCA 


6061 


TGACCTTAACCCACAATGAGTCAAGGATTGGCCTTTTAAGGTAATC 
TGAGCGACATCAGATCATGAAGAAGCACCATGATTGTTGAAAAGTG 
AAGTTCTTGACACAAAGTTAGAAGAAGCA 


6062 


TCTTCATGATCTGATGT 


6063 


ACATCAGATCATGAAGA 


6064 


Waxy starch 
GBSS 

Antirrhinum majus 

Lys24Term 

AAA-TAA 


GTMCAGCTTCACAGTTGGTGTCACATGTCCATGGTGGAGCAACG 
TCTTCACCGGATACTTAAACAAACTTGGCCCAGGTTGGCCTCAGG 
AACCAGCAATTCACTCACAATGGGTTGAGAT 


6065 


ATCTCAACCCATTGTGAGTGAATTGCTGGTTCCTGAGGCCAACCT 
GGGCCAAGTTTG'nTAAGTATCCGGTGAAGACGTTGCTCCACCAT 
GGACATGTGACACCAACTGTGAAGCTGTTAC 


6066 


CGGATACTTAAACAAAC 


6067 


GTTTGTTTAAGTATCCG 


6068 


Waxy starch 
GBSS 

Antirrhinum majus 

Leu27Term 

TTG-TAG 


CACAGTTGGTGTCACATGTCCATGGTGGAGCAACGTCTTCACCGG 
ATACTAAAACAMCTAGGCCCAGGTTGGCCTCAGGAACCAGCAAT 
TCACTCACAATGGGTTGAGATCAATAAACAT 


6069 


ATGTTTATTGATCTCAACCCATTGTGAGTGAATTGCTGGTTCCTGA 
GGCCAACCTGGGCCTAGTTTG 1 1 1 1 AGTATCCGGTGAAGACGTTG 
CTCCACCATGGACATGTGACACCAACTGTG 


6070 


AACAAACTAGGCCCAGG 


6071 


CCTGGGCCTAGTTTGTT 


6072 


Waxy starch 
GBSS 

Antirrhinum majus 

Gln29Term 

CAG-TAG 


TTGGTGTCACATGTCCATGGTGGAGCAACGTCTTCACCGGATACT 
AAAACAAACTTGGCCTAGGTTGGCCTCAGGAACCAGCAATTCACT 
CACAATGGGTTGAGATCAATAAACATGGTTG 


6073 


CAACCATGTTTATTGATCTCAACCCATTGTGAGTGAATTGCTGGTT 
CCTGAGGCCAACCTAGGCCAAGTTTGTTTTAGTATCCGGTGAAGA 
CGTTGCTCCACCATGGACATGTGACACCAA 


6074 


ACTTGGCCIAGGTTGGC 


6075 


GCCAACCTAGGCCAAGT 


6076 


Waxy starch 
GBSS 

Antirrhinum majus 

Gln35Term 

CAG-TAG 


GGTGGAGCAACGTCTTCACCGGATACTAAAACAAACTTGGCCCAG 

GTTGGCCTCAGGAACTAGCAATTCACTCACAATGGGTTGAGATCAA 

TAMCATGGTTGATAAGCTTCAAATGAGGA 


; 6077 


TCCTCATTTGAAGCTTATCAACCATGTTTATTGATCTCAACCCATTG 
TGAGTGMTTGCTAGTTCCTGAGGCCAACCTGGGCCAAGTTTGTT 
TTAGTATCCGGTGAAGACGTTGCTCCACC 


j 6078 
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Phenotype, Gene, 
Plants Targeted 
Alteration 


Altering CHigos 




SEQ1D- 
NO: 






6079 


GAATTGCTAGTTCCTGA 


6080 


Waxy starch 
GBSS 

Antirrhinum majus 

Gln36Term 

CAA-TAA 


GGAGCAACGTCTTCACCGGATACTAAAACAAACTTGGCCCAGGTT 

GGCCTCAGGAACCAGTAATTCACTCACAATGGGTTGAGATCAATAA 

ACATGGTTGATAAGCTTCAAATGAGGAACA 


6081 


TGTTCCTCATTTGAAGCTTATCAACCATGTTTATTGATCTCAACCCA 
TTGTGAGTGAATTACTGGTTCCTGAGGCCAACCTGGGCCAAGTTT 
GTTTTAGTATCCGGTGAAGACGTTGCTCC 


6082 


A A Of A ^1T A ATTP A PT 
OOAAuOAvjJAA I IL»AOI 


6083 


AGTGAATTACTGGTTCC 


6084 


Waxy starch 
GBSS 

Ipomoea batatas 

Gly20Term 

GGA-TGA 


GTGATGGCGACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTG 
GGGGTGCCACTTCTTGAGAATCAAAAGTGGGGTTGGGTCAATTAG 
CCCTGAGGAGCCAAGCTGTGACTCACAATG 


6085 


CATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGACCCAACC 
CCACTTTTGATTCTCAAGAAGTGGCACCCCCACAGACATGAGAAA 
CAAAGTGTGAGGCAGTTATAGTCGCCATCAC 


6086 


PP A PTTPTTP A P A ATP A 


6087 


TGATTCTCAAGAAGTGG 


6088 


Waxy starch 
GBSS 

Ipomoea batatas 

Glu21Term 

GAA-TAA 


ATGGCGACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTGGGG 

GTGCCACTTCTGGATAATCAAAAGTGGGGTTGGGTCAATTAGCCC 

TGAGGAGCCAAGCTGTGACTCACAATGGGT 


6089 


ACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGACCCA 
ACCCCACI 1 1 1 GATTATCCAGAAGTGGCACCCCCACAGACATGAG 
AAACAAAGTGTGAGGCAGTTATAGTCGCCAT 


6090 


PTTPTPP ATA ATP A AAA 

\j\ 1 U 1 bbAJAA 1 UAAAA 


6091 


TTTTGATTATCCAGAAG 


6092 


Waxy starch 
GBSS 

Ipomoea batatas 

Ser22Term 

TCA-TGA 


CGACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTGGGGGTGC 
CACTTCTGGAGAATGAAAAGTGGGGTTGGGTCAATTAGCCCTGAG 
GAGCCAAGCTGTGACTCACAATGGGTTGAG 


6093 


CTCAACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGA 
CCCAACCCCACTTTTCATTCTCCAGAAGTGGCACCCCCACAGACA 
TGAGAAACAAAGTGTGAGGCAGTTATAGTCG 


6094 


TGGAGAATGAAAAGTGG 


6095 


CCACTTTTCATTCTCCA 


6096 
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Phenotype, GeneTl 
Plant & Targeted ' 
Alteration 


Altering Oligos • 


«. 

\: : 


SEQID 

NO: 


Waxy starch 
GBSS 

Ipomoea batatas 

Lys23Term 

AAA-TAA 


ACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTGGGGGTGCCA 
CTTCTGGAGAATCATAAGTGGGGTTGGGTCAATTAGCCCTGAGGA 
GCCMGCTGTGACTCACAATGGGTTGAGAC 


6097 


GTCTCAACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTMTT 

GACCCAACCCCACTTATGATTCTCCAGAAGTGGCACCCCCACAGA 

CATGAGAAACAAAGTGTGAGGCAGTTATAGT 


6098 


GAGAATPATAAGTGGGG 


6099 


CCCCACTTATGATTCTC 


6100 


Waxy starch 
GBSS 

Ipomoea batatas 

Leu26Term 

TTG-TAG 


CCTCACACTTTGTTTCTCATGTCTGTGGGGGTGCCACTTCTGGAGA 
ATCAAAAGTGGGGTAGGGTCAATTAGCCCTGAGGAGCCAAGCTGT 
GACTCACAATGGGTTGAGACCTGTGAACAA 


6101 


TTGTTCACAGGTCTCAACCCATTGTGAGTCACAGCTTGGCTCCTCA 

GGGCTAATTGACCCTACCCCACTTTTGATTCTCCAGAAGTGGCAC 

CCCCACAGACATGAGAAACAAAGTGTGAGG 


6102 




6103 


ATTGACCCIACCCCACT 


6104 


Waxy starch 

GBSS 

Astragalus 

membranaeus 

Tyr8Term 

TAT-TAG • 


CATCGGCGATTGTTGCTCCTTACTGCTCTCTCACAGAATGGCAAC 

x^# 1 1 x^x^x^x^vv/ i i i i i x^ i x^ i i / \x^ i x^x^ i vy i i x^/ \wi *v^/ 1/ » 1 w w v *xv 

GGTGACGGGGTCTTAGGTGGTGTCGAGAAGCGCGTGCTTCAATTC 
CCAGGGAAGAACAGMGCCAAAGTGAATTCA 


6105 | 


TGAATTCACTTTGGCTTCTGTTCTTCCCTGGGAATTGAAGCACGCG 
CTTCTCGACACCACCTAAGACCCCGTCACCGTTGCCATTCTGTGA 
GAGAGCAGTAAGGAGCAACAATCGCCGATG 


6106 


OOO 1 \j 1 1 MOO 1 OU IVJlO 


6107 


GACACCACCTAAGACCC 


6108 


Waxy starch 

GBSS 

Astragalus 

membranaeus 

SerllTerm 

TCG-TAG 


ATTGTTGCTCCTTACTGCTCTCTCACAGAATGGCAACGGTGACGG 

GGTCTTATGTGGTGTAGAGAAGCGCGTGCTTCAATTCCCAGGGAA 

GAACAGAAGCCAAAGTGAATTCACCTCAGAA 


6109 ; 


TTCTGAGGTGMnCACTTTGGCTTCTGTTCTTCCCTGGGAATTGA 
AGCACGCGCTTCTCTACACCACATAAGACCCCGTCACCGTTGCCA 
TTCTGTGAGAGAGCAGTAAGGAGCAACAAT 


6110 


TGTGGTGTAGAGAAGCG 


6111 


CGCnCTCIACACCACA 


6112 
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Phenotype, Gene, \ 
Plant & Targeted : 
Alteration 


\ Altering OBgos 

<' s 


: SEQlD 

j HO: 


Waxy starch 

GBSS 

Astragalus 

membranaeus 

Arg12Term 

AGA-TGA 


TGTTGCTCCTTACTGCTCTCTCACAGAATGGCAACGGTGACGGGG 
TCTTATGTGGTGTCGTGAAGCGCGTGCTTCAATTCCCAGGGAAGA 
ACAGAAGCCAAAGTGAATTCACCTCAGAAGA 


6113 


TCTTCTGAGGTGMTTCACTTTGGCTTCTGTTCTTCCCTGGGAATT 

GAAGCACGCGCTTCACGACACCACATAAGACCCCGTCACCGTTGC 

CATTCTGTGAGAGAGCAGTAAGGAGCAACA 


6114 


TGGTGTCGIGAAGCGCG 


6115 


CGCGCTTCACGACACCA 


6116 


Waxy starch 

GBSS 

Astragalus 

membranaeus 

Cys15Term 

TGC-TGA 


ACTGCTCTCTCACAGAATGGCAACGGTGACGGGGTCTTATGTGGT 
GTCGAGAAGCGCGTGATTCAATTCCCAGGGAAGAACAGAAGCCAA 
AGTGAATTCACCTCAGAAGATAAATCTCAAT 


6117 


AnGAGATTTATCTTCTGAGGTGAATTCACTTTGGCTTCTGTTCTTC 
CCTGGGAATTGAATCACGCGCTTCTCGACACCACATAAGACCCCG 
TCACCGTTGCCATTCTGTGAGAGAGCAGT 


6118 


AGCGCGTGATTCAATTC 


6119 


GAATTGAATCACGCGCT 


6120 


Waxy starch 

GBSS 

Astragalus 

membranaeus 

Gln19Term 

CAG-TAG 


CACAGAATGGCAACGGTGACGGGGTCTTATGTGGTGTCGAGMGC 

GCGTGCTTCAATTCCTAGGGAAGAACAGAAGCCAAAGTGAATTCA 

CCTCAGAAGATAAATCTCAATAGCCAAGCAT 


6121 


ATGCTTGGCTATTGAGATTTATCTTCTGAGGTGAATTCACTTTGGCT 
TCTGTTCTTCCCTAGGAATTGAAGCACGCGCTTCTCGACACCACAT 
AAGACCCCGTCACCGTTGCCATTCTGTG 


6122 


TCAATTCCTAGGGAAGA 


6123 


TCTTCCCTAGGAATTGA 


6124 


Waxy starch 
GBSS 

Solanum tuberosum 

Ser7Term 

TCA-TGA 


TGTAGCTTGGTAGATTCCCCTTTTTGTAGACCACACATCACATGGC 
AAGCATCACAGCTTGACACCACTTTGTGTCAAGAAGCCAAACTTCA 
CTAGACACCAAATCAACCTTGTCACAGAT 


6125 


ATCTGTGACAAGGTTGATTTGGTGTCTAGTGAAGTTTGGCTTCTTG 
ACACAAAGTGGTGTCAAGCTGTGATGCTTGCCATGTGATGTGTGG 
TCTACAAAAAGGGGAATCTACCAAGCTACA 


6126 


CACAGCTTGACACCACT 


6127 


AGTGGTGTCAAGCTGTG 


6128 


Waxy starch 
GBSS 

Solanum tuberosum 

Ser12Term 

TCA-TGA 


TCCCCTTTTTGTAGACCACACATCACATGGCAAGCATCACAGCTTC 
ACACCACTTTGTGTGAAGAAGCCAMCTTCACTAGACACCAAATCA 
ACCTTGTCACAGATAGGACTCAGGMCCA 


6129 . 


TGGTTCCTGAGTCCTATCTGTGACAAGGTTGATTTGGTGTCTAGTG 
AAGTTTGGCTTCTTCACACAAAGTGGTGTGAAGCTGTGATGCTrGC 
CATGTGATGTGTGGTCTACAAAAAGGGGA 


6130 
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CTTTGTGTGAAGAAGCC 


6131 | 


GGCTTCTTCACACAAAG 


6132 


Waxy starch 
GBSS 

Solanum tuberosum 

Arg13Term 

AGA-TGA 


CCCTTTTTGTAGACCACACATCACATGGCAAGCATCACAGCTTCAC 
ACCACTTTGTGTCATGAAGCCAAACTTCACTAGACACCAAATCAAC 
CTTGTCACAGATAGGACTCAGGAACCATA 


6133 


TATGGTTCCTGAGTCCTATCTGTGACAAGGTTGATTTGGTGTCTAG 
TGAAGTTTGGCTTCATGACACAAAGTGGTGTGAAGCTGTGATGCTT 
GCCATGTGATGTGTGGTCTACAAAAAGGG 


6134 


TTGTGTCATGAAGCCAA 


6135 


TTGGCTTCATGACACAA 


6136 


Waxy starch 
GBSS 

Solanum tuberosum 

Gln15Term 

CAA-TAA 


TTGTAGACCACACATCACATGGCAAGCATCACAGCTTCACACCACT 

TTGTGTCAAGAAGCTAAACTTCACTAGACACCAAATCAACCTTGTC 

ACAGATAGGACTCAGGMCCATACTCTGA 


6137 


TCAGAGTATGGTTCCTGAGTCCTATCTGTGACAAGGTTGATTTGGT 
GTCTAGTGAAGTTTAGCTTCTTGACACAAAGTGGTGTGAAGCTGTG 
ATGCTTGCCATGTGATGTGTGGTCTACAA 


6138 


CAAGAAGCIAAACTTCA 


6139 


TGAAGTTTAGCTTCTTG 


6140 


Waxy starch 
GBSS 

Solanum tuberosum 

Ser17Term 

TCA-TGA 


CCACACATCACATGGCAAGCATCACAGCTTCACACCACTTTGTGTC 
AAGAAGCCAAACTTGACTAGACACCAAATCAACCTTGTCACAGATA 
GGACTCAGGAACCATACTCTGACTCACAA 


6141 


ttgtgagtcagagtatggttcctgagtcctatctgtgacaaggttg 
atttggtgtctagtcaagTttggcttcttgacacaaagtggtgtga 
agctgtgatgcttgccatgtgatgtgtgg 


6142 


ccaaacttgactagaca 


6143 


TGTCTAGTCAAGTTTGG 


6144 


Waxy starch 
GBSS 

Pisum sativum 

Gly6Term 

GGA-TGA 


gtcgatcactcttctctcaccgccgaaacagattttgacacaaam 
tggcaacaataacgtgatcttcaatgccgacgagaaccgcgtgct 

TCAATTACCAAGGAAGATCAGCAGAGTCTA 


6145 


TAGACTCTGCTGATCTTCCTTGGTAATTGAAGCACGCGGTTCTCGT 

CGGCATTGMGATCACGnAnGTTGCCATTTTTGTGTCAAAATCT 

GTTTCGGCGGTGAGAGAAGAGTGATCGAC 


6146 


CAATAACGTGATCTTCA 


6147 


TGAAGATCACGTTATTG 


6148 
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Waxy starch 
GBSS 

Pisum sativum 

Ser8Term 

TCA-TGA 


ACTCTTCTCTCACCGCCGAAACAGATTTTGACACAAAAATGGCAAC 
AATAACGGGATCTTGAATGCCGACGAGAACCGCGTGCTTCAATTA 
CCAAGGAAGATCAGCAGAGTCTAAACTGM 


6149 


TTCAGTTTAGACTCTGCTGATCTTCCTTGGTAATTGAAGCACGCGG 
TTCTCGTCGGCATTCAAGATCCCGTTATTGTTGCCA 1 1 1 1 IGTGTC 
AAAATCTGTTTCGGCGGTGAGAGAAGAGT 


6150 


GGGATCTTGAATGCCGA 


6151 


TCGGCATTCAAGATCCC 


6152 


Waxy starch 
GBSS 

Pisum sativum 

Arg12Term 

AGA-TGA 


ACCGCCGAAACAGATTTTGACACAAAAATGGCAACMTAACGGGAT 

CTTCAATGCCGACGTGAACCGCGTGCTTCAATTACCAAGGAAGAT 

CAGCAGAGTCTAAACTGMTTTGCCTCAGA 


6153 


TCTGAGGCAAATTCAGTTTAGACTCTGCTGATCTTCCTTGGTAATT 
GAAGCACGCGGTTCACGTCGGCATTGAAGATCCCGTTATTGTTGC 
CAI 1 1 1 1 GTGTCAAAATCTGTTTCGGCGGT 


6154 


TGCCGACGIGAACCGCG 


6155 


CGCGGTTCACGTCGGCA 


6156 


Waxy starch 
GBSS 

Pisum sativum 

Cys15Term 

TGC-TGA 


AGATnTGACACAAAAATGGCAACAATMCGGGATCTTCAATGCCG 
ACGAGAACCGCGTGATTCAATTACCAAGGAAGATCAGCAGAGTCT 
AAACTGAATTTGCCTCAGATACACTTCAAT 


6157 


ATTGAAGTGTATCTGAGGCAAATTCAGTTTAGACTCTGCTGATCTT 
CCTTGGTAATTGAATCACGCGGTTCTCGTCGGCATTGMGATCCC 
GTTATTGTTGCCAI 1 1 1 1 GTGTCAAAATCT 


6158 


ACCGCGTGATTCAATTA 


6159 


TAATTGAATCACGCGGT 


6160 


Waxy starch 
GBSS 

Pisum sativum 

Tyr18Term 

TAC-TAG 


CACAAAAATGGCAACAATAACGGGATCTTCAATGCCGACGAGAAC 

CGCGTGCTTCAATTAGCMGGMGATCAGCAGAGTCTAAACTGAAT 

TTGCCTCAGATACAC7TCAATAACMCCAA 


6161 


TTGGTTGTTATTGAAGTGTATCTGAGGCAAATTCAGTTTAGACTCTG 
CTGATCTTCCTTGCTAATTGAAGCACGCGGTTCTCGTCGGCATTGA 
AGATCCCGTTATTGTTGCCATTTTTGTG 


6162 


TTCAATTAGCAAGGAAG 


6163 


CTTCCTTG£TAATTGAA 


6164 


Waxy starch 
GBSS 

Manihotesculenta 

SerUTerm 

TCA-TGA 


TCTACACCGGAGAGAGCACCATGGCMCTGTAATAGCTGCACATT 

TCGTTTCCAGGAGCTGACACTTGAGCATCCATGCATTAGAGACTAA 

GGCTAATAATTTGTCTCACACTGGACCCTG 


6165 


CAGGGTCCAGTGTGAGACAAATTATTAGCCTTAGTCTCTAATGCAT 
GGATGCTCAAGTGTCAGCTCCTGGAAACGAAATGTGCAGCTATTA 
CAGTTGCCATGGTGCTCTCTCCGGTGTAGA 


6166 
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CAGGAGCTGACACTTGA 


6167 


TCAAGTGTCAGCTCCTG 


6168 


Waxy starch 
GBSS 

Manihotesculenta 

Leu16Term 

TTG-TAG 


CCGGAGAGAGCACCATGGCMCTGTAATAGCTGCACATTTCGTTT 
CCAGGAGCTCACACTAGAGCATCCATGCATTAGAGACTMGGCTA 
ATAATTTGTCTCACACTGGACCCTGGACCCA 


6169 


TGGGTCCAGGGTCCAGTGTGAGACAAATTATTAGCCTTAGTCTCTA 

ATGCATGGATGCTCTAGTGTGAGCTCCTGGAAACGAAATGTGCAG 

CTATTACAGTTGCCATGGTGCTCTCTCCGG 


6170 


CTCACACTAGAGCATCC 


6171 


GGATGCTCIAGTGTGAG 


6172 


Waxy starch 
GBSS 

Manihotesculenta 

Leu21Term 

TTA-TGA 


TGGCMCTGTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTT 
GAGCATCCATGCATGAGAGACTAAGGCTAATAATTTGTCTCACACT 
GGACCCTGGACCCAAACTATCACTCCCAA 


6173 


TTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAGACAAATTA 

TTAGCCTTAGTCTCTCATGCATGGATGCTCAAGTGTGAGCTCCTGG 

AAACGAAATGTGCAGCTATTACAGTTGCCA 


6174 


CCATGCATGAGAGACTA 


6175 


TAGTCTCTCATGCATGG 


6176 


Waxy starch 
GBSS 

Manihotesculenta 

Glu22Term 

GAG-TAG 


GCAACTGTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTTGA 

GCATCCATGCATTATAGACTMGGCTAATAATTTGTCTCACACTGG 

ACCCTGGACCCAAACTATCACTCCCAATG 


6177 


CATTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAGACAAAT 
TATTAGCCTTAGTCTATAATGCATGGATGCTCAAGTGTGAGCTCCT 
GGAAACGAAATGTGCAGCTATTACAGTTGC 


6178 


ATGCATTATAGACTAAG 


6179 


CTTAGTCTATAATGCAT 


6180 


Waxy starch 
GBSS 

Manihot esculenta 

Lys24Term 

AAG-TAG 


GTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTTGAGCATCC 
ATGCATTAGAGACTTAGGCTAATMTTTGTCTCACACTGGACCCTG 
GACCCAAACTATCACTCCCAATGGTTTAA 


6181 


TTAAACCATTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAG 
ACAAATTATTAGCCTAAGTCTCTAATGCATGGATGCTCAAGTGTGA 
GCTCCTGGAAACGAAATGTGCAGCTATTAC 


6182 


TAGAGACTTAGGCTAAT 


6183 


ATTAGCCTAAGTCTCTA 


6184 
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Waxy starch 
GBSS 

Phaseolus vulgaris 

Ser12Term 

TCA-TGA 


ACMCTCCTCCGTCACCGGTATAAGCATGGCAACGGTATCGATGG 
CATCGTGCGTGGCGTGAAAAGGCGCGTGGAGTACAGAGACAAAA 
GTGAAATCTTCGGGTCAGATGAGCCTGMCCG 


6185 


CGGTTCAGGCTCATCTGACCCGMGATTTCACTTTTGTCTCTGTAC 
TCCACGCGCCTTTTCACGCCACGCACGATGCCATCGATACCGTTG 
CCATGCTTATACCGGTGACGGAGGAGTTGT 


6186 


CGTGGCGTGAAAAGGCG 


6187 


CGCCTTTTCACGCCACG 


6188 


Waxy starch 
GBSS 

Phaseolus vulgaris 

Trp16Term 

TGG-TGA 


CACCGGTATAAGCATGGCAACGGTATCGATGGCATCGTGCGTGGC 
GTCAAAAGGCGCGTGAAGTACAGAGACAAAAGTGAAATCTTCGGG 
TCAGATGAGCCTGAACCGTCATGAATTGAAA 


6189 ! 


TTTCAATTCATGACGGTTCAGGCTCATCTGACCCGAAGATTTCACT 
TTTGTCTCTGTACTTCACGCGCCTTTTGACGCCACGCACGATGCC 
ATCGATACCGTTGCCATGCTTATACCGGTG 


6190 


GGCGCGTGAAGTACAGA 


6191 


TCTGTACTTCACGCGCC 


6192 


Waxy starch 
GBSS 

Phaseolus vulgaris 

Glu19Term 

GAG-TAG 


ATAAGCATGGCAACGGTATCGATGGCATCGTGCGTGGCGTCAAAA 
GGCGCGTGGAGTACATAGACAAAAGTGAAATCTTCGGGTCAGATG 
AGCCTGAACCGTCATGAATTGAAATACGATG 


6193 


CATCGTATTTCAATTCATGACGGTTCAGGCTCATCTGACCCGAAGA 
TTTCACTTTTGTCTATGTACTCCACGCGCCTTTTGACGCCACGCAC 
GATGCCATCGATACCGTTGCCATGCTTAT 


6194 


GGAGTACAIAGACAAAA 


6195 


TTTTGTCTATGTACTCC 


6196 
6197 


Waxy starch 
GBSS 

Phaseolus vulgaris 

Lys21Term 

AAA-TAA 


ATGGCAACGGTATCGATGGCATCGTGCGTGGCGTCAAAAGGCGC 
GTGGAGTACAGAGACATAAGTGAAATCTTCGGGTCAGATGAGCCT 
GAACCGTCATGAATTGAAATACGATGGGTTGA 


TCAACCCATCGTATTTCAATTCATGACGGTTCAGGCTCATCTGACC 
CGMGATTTCACTTATGTCTCTGTACTCCACGCGCCTTTTGACGCC 
ACGCACGATGCCATCGATACCGTTGCCAT 


6198 


CAGAGACATAAGTGAAA 


6199 


TTTCACTTATGTCTCTG 


6200 


Waxy starch 
GBSS 

Phaseolus vulgaris 

Lys23Term 

AAA-TAA 


ACGGTATCGATGGCATCGTGCGTGGCGTCAAAAGGCGCGTGGAG 
TACAGAGACAAAAGTGTAATCTTCGGGTCAGATGAGCCTGAACCG 
TCATGAATTGAAATACGATGGGTTGAGATCTC 


6201 


GAGATCTCAACCCATCGTATTTCAATTCATGACGGTTCAGGCTCAT 
CTGACCCGAAGATTACAC 1 1 1 1 GTCTCTGTACTCCACGCGCCTTTT 
GACGCCACGCACGATGCCATCGATACCGT . 


6202 
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CAAAAGTGIAATCTTCG 


6203 


CGAAGAI IACACI II IG 


6204 


Waxy starch 
GBSS 

Triticum aestivum 

Tyr7Term 

TAT-TAG 


GCGCCTAGCTCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGG 

GTTCCATTCCTAATTAGTGTTCTTATCAAACAAACAGTGTTGGTTCA 

CTGAMCTGTCGCCTCACATCCAATTCCAG 


6205 


CTGGMTTGGATGTGAGGCGACAGTTTCAGTGMCCAACACTGTTT 
GTTTGATAAGAACACTMTTAGGAATGGAACCCATTGGTGCAGCCT 
CTCAATGACGACC 1 1 1 1 CGAGCTAGGCGC 


6206 


CCTAATTAGTGTTCTTA 


6207 


TAAGAACACTAATTAGG 


6208 


Waxy starch 
GBSS 

Tiiticum aestivum 

Cys8Term 

TGT-TGA 


CCTAGCTCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGTTC 
CATTCCTAATTATTGATCTTATCAAACAAACAGTGTTGGTTCACTGA 
AACTGTCGCCTCACATCCMTTCCAGCAA 


6209 


TTGCTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACCMCACT 
GTTTGTnrGATAAGATCAATAATTAGGMTGGAACCCATTGGTGCA 
GCCTCTCAATGACGACCTTTTCGAGCTAGG 


6210 


AATTATTGATCTTATCA 


6211 


TGATAAGATCAATAATT 


6212 


Waxy starch 
GBSS 

Triticum aestivum 

TyrlOTerm 

TAT-TAG 


TCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGTTCCATTCC 
TAATTATTGTTCTTAGCAAACAAACAGTGTTGGTTCACTGAAACTGT 
CGCCTCACATCCAATTCCAGCAATCTTGT 


6213 


ACAAGATTGCTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACC 
AACACTGTTTGTTTGCTAAGAACAATAATTAGGAATGGAACCCATT 
GGTGCAGCCTCTCAATGACGACCI 1 1 ICGA 


6214 


TGTTCTTAfiCAAACAAA 


6215 


TTTGTTTGCTAAGAACA 


6216 


Waxy starch 
GBSS 

Triticum aestivum 

Gln11Term 

CAA-TAA 


CGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGTTCCATTCCT 
AATTATTGTTCTTATTAAACAMCAGTGTTGGTTCACTGAAACTGTC 
GCCTCACATCCAATTCCAGCAATCTTGTA 


6217 


TACAAGATTGCTGGMTTGGATGTGAGGCGACAGTTTCAGTGAAC 

CAACACTGTTTGTTTAATMGAACAATAATTAGGAATGGAACCCATT 

GGTGCAGCCTCTCAATGACGACCTTTTCG 


6218 


GTTCTTATTAAACAAAC 


6219 


GTTTGTTTAATMGAAC 


6220 
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Waxy starch 
GBSS 

Triticum aestivum 

Ser17Term 

TCA-TGA 


AGGCTGCACCAATGGGTTCCATTCCTAATTATTGTTCTTATCAAACA 
AACAGTGTTGGTTGACTGAAACTGTCGCCTCACATCCAATTCCAGC 
AATCTTGTAACAATGAAGTTATGTTCCT 


6221 i 


AGGMCATAACTTCATTGTTACAAGATTGCTGGAATTGGATGTGAG 
GCGACAGTTTCAGTCAACCAACACTGTTTGTTTGATAAGAACAATA 
ATTAGGAATGGAACCCATTGGTGCAGCCT 


6222 


TGTTGGTTGACTGAAAC 


6223 


GTTTCAGTCAACCAACA 


6224 


Waxy starch 
GBSS 

Triticum aestivum 

Gln28Term 

CAG-TAG 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 
CCGGCGTGCAGGTTTCTAGGGCGTGAGGCCCCGGAGCCCGGCG 
GATGCGGCTCTCGGCATGAGGACCGTCGGAGCTA 


6225 


TAGCTCCGACGGTCCTCATGCCGAGAGCCGCATCCGCCGGGCTC 
CGGGGCCTCACGCCCTAGAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6226 


CAGGTTTCTAGGGCGTG 


6227 


CACGCCCTAGAAACCTG 


6228 


Waxy starch 
GBSS 

Triticum aestivum 

Gly46Term 

GGA-TGA 


GGTTTCCAGGGCGTGAGGCCCCGGAGCCCGGCGGATGCGGCTC 
TCGGCATGAGGACCGTCTGAGCTAGCGCCGCCCCAACGCAAAGC 
CGGAAAGCGCACCGCGGGACCCGGCGGTGCCTCT 


6229 


AGAGGCACCGCCGGGTCCCGCGGTGCGCTTTCCGGCTTTGCGTT 
GGGGCGGCGCTAGCTCAGACGGTCCTCATGCCGAGAGCCGCATC 
CGCCGGGCTCCGGGGCCTCACGCCCTGGAAACC 


6230 


GGACCGTCTGAGCTAGC 


6231 


GCTAGCTCAGACGGTCC 


6232 


Waxy starch 
GBSS 

Triticum aestivum 

Gln53Term 

CAA-TAA 


CGGAGCCCGGCGGATGCGGCTCTCGGCATGAGGACCGTCGGAG 

CTAGCGCCGCCCCAACGTAAAGCCGGAAAGCGCACCGCGGGACC 

CGGCGGTGCCTCTCCATGGTGGTGCGCGCCACCG 


6233 


CGGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTACGTTGGGGCGGCGCTAGCTCCGACGG 
TCCTCATGCCGAGAGCCGCATCCGCCGGGCTCCG 


6234 


CCCCAACGIAAAGCCGG 


6235 


CCGGCTTTACGTTGGGG 


6236 


Waxy starch 
GBSS 

Triticum aestivum 

Lys56Term 

AAA-TAA 


GCGGATGCGGCTCTCGGCATGAGGACCGTCGGAGCTAGCGCCG 
CCCCAACGCAAAGCCGGTMGCGCACCGCGGGACCCGGCGGTG 
CCTCTCCATGGTGGTGCGCGCCACCGGCAGCGGCG 


6237 


CGCCGCTGCCGGTGGCGCGCACCACCATGGAGAGGCACCGCCG 

GGTCCCGCGGTGCGCTTACCGGCTTTGCGTTGGGGCGGCGCTAG 

CTCCGACGGTCCTCATGCCGAGAGCCGCATCCGC 


6238 
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AMGCCGGIAAGCGCAC 


6239 


GTGCGCTTACCGGCTTT 


6240 


Waxy starch 
GBSS 

Triticum aesMim 

Glu85Term 

GAG-TAG 


CTCTCCATGGTGGTGCGCGCCACCGGCAGCGGCGGCATGAACCT 
CGTGTTCGTCGGCGCCTAGATGGCGCCCTGGAGCAAGACCGGCG 
GCCTCGGCGACGTCCTCGGGGGCCTCCCCCCAG 


6241 


CTGGGGGGAGGCCCCCGAGGACGTCGCCGAGGCCGCCGGTCTT 
GCTCCAGGGCGCCATCTAGGCGCCGACGAACACGAGGTTCATGC 
CGCCGCTGCCGGTGGCGCGCACCACCATGGAGAG 


6242 


TCGGCGCCTAGATGGCG 


6243 


CGCCATCTAGGCGCCGA 


6244 


Waxy starch 
GBSS 

Triticum aeslmim 

Gln8Term 

CAG-TAG 


GTCGTCTCTCGCTGCAGGTAGCCACACCCTGCGCGCGCGATGGC 
GGCTCTGGTCACGTCGTAGCTCGCCACCTCCGGCACCGTCCTCG 
GCATCACCGACAGGTTCCGGCGTGCAGGTTTTC 


6245 


GAAAACCTGCACGCCGGAACCTGTCGGTGATGCCGAGGACGGTG 
CCGGAGGTGGCGAGCTACGACGTGACCAGAGCCGCCATCGCGC 
GCGCAGGGTGTGGCTACCTGCAGCGAGAGACGAC 


6246 


TCACGTCGTAGCTCGCC 


6247 


GGCGAGCTACGACGTGA 


6248 


Waxy starch 
GBSS 

Triticum aestivum 

Gln28Term 

CAG-TAG 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 
CCGGCGTGCAGGI 1 1 1 TAGGGTGTGAGGCCCCGGAGCCCGGCAG 
ATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 


6249 


TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACACCCTAAAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6250 


CAGGI 1 1 IJAGGGIGIG 


6251 


CACACCCTAAAAACCTG 


6252 


Waxy starch 
GBSS 

Triticum aestimm 

Lys52Term 

AAG-TAG 


CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCG 
GAGCGAGCGCCGCCCCGTAGCAACAAAGCCGGAAAGCGCACCG 
CGGGACCCGGCGGTGCCTCTCCATGGTGGTGCGCG 


6253 


CGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGTTGCTACGGGGCGGCGCTCGCTCCGGTAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 


6254 


CCGCCCCGIAGCAACAA 


6255 


TTGTTGCTACGGGGCGG 


6256 
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Waxy starch 
GBSS 

Triticum aestivum 

Gln53Term 

CAA-TAA 


CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAG 
CGAGCGCCGCCCCGAAGTAACAAAGCCGGAAAGCGCACCGCGG 
GACCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 


6257 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCTTTGTTACTTCGGGGCGGCGCTCGCTCCGGTAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 


6258 


CCCCGAAGIAACAAAGC 


6259 


GCTTTGTTACTTCGGGG 


6260 


Waxy starch 
GBSS 

Triticum aestivum 

Gln54Term 

CAA-TAA 


AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


6261 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGG 
TAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 


6262 


CGAAGCAATAAAGCCGG 


6263 


CCGGCTTTATTGCTTCG 


6264 


Waxv starch 
GBSS 

W/cum cfurum 

Gln28Term 

CAG-TAG 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 
CCGGCGTGCAGGTTTCTAGGGCGTGAGGCCCCGGAACCCGGCG 
GATGCGGCCCTCGTCATGAGGACTATCGGAGCGA 


6265 


TCGCTCCGATAGTCCTCATGACGAGGGCCGCATCCGCCGGGTTC 

CGGGGCCTCACGCCCTAGAAACCTGCACGCCGGAACCTGTCGGT 

GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6266 


CAGGTTTCTAGGGCGTG 


6267 


CACGCCCTAGAAACCTG 


6268 


Waxy starch 
GBSS 

Triticum durum 

Lys52Term 

AAG-TAG 


CCCCGGAACCCGGCGGATGCGGCCCTCGTCATGAGGACTATCGG 
AGCGAGCGCCGCCCCGTAGCAAAGCCGGAAAGCGCACCGCGGG 
AGCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 


: 6269 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGCTCCCGCGGTG 
CGCTTTCCGGCTTTGCTACGGGGCGGCGCTCGCTCCGATAGTCC 
TCATGACGAGGGCCGCATCCGCCGGGTTCCGGGG 


6270 


CCGCCCCGIAGCAAAGC 


6271 


GCTTTGCTACGGGGCGG 


6272 


Waxy starch 
GBSS 

Triticum durum 

Gln53Term 

CAA-TAA 


CGGAACCCGGCGGATGCGGCCCTCGTCATGAGGACTATCGGAGC 
GAGCGCCGCCCCGAAGTAAAGCCGGAAAGCGCACCGCGGGAGC 
CGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


6273 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGCTCCCGCG 
GTGCGCTTTCCGGCTTTACTTCGGGGCGGCGCTCGCTCCGATAG 
TCCTCATGACGAGGGCCGCATCCGCCGGGTTCCG 


6274 



WO 01/92512 



-159- 



PCT/US01/17672 



Phenotype, Gene, 
Plants Targeted 
Alteration 


:'■>■>•'■-: •*• 

V , 


Altering CMigos ■ 

' " , " . .. , ^ fi\ 


■ • ' ' '• ' • 


SEQID 

NO:; 




CCCCGAAGIAAAGCCGG 


6275 


CCGGCTTTACTTCGGGG 


6276 


Waxy starch 
GBSS 

Triticum durum 

Lys56Term 

AAA-TAA 


GCGGATGCGGCCCTCGTCATGAGGACTATCGGAGCGAGCGCCGC 

CCCGAAGCAAAGCCGGTAAGCGCACCGCGGGAGCCGGCGGTGC 

CTCTCCATGGTGGTGCGCGCCACGGGCAGCGGCG 


6277 


CGCCGCTGCCCGTGGCGCGCACCACCATGGAGAGGCACCGCCG 

GCTCCCGCGGTGCGCTTACCGGCTTTGCTTCGGGGCGGCGCTCG 

CTCCGATAGTCCTCATGACGAGGGCCGCATCCGC 


6278 


AAAGCCGGIAAGCGCAC 


6279 ! 


GTGCGCTTACCGGCTTT 


6280 


Waxy starch 
GBSS 

Triticum durum 

Cys64Term 

TGC-TGA 


TATCGGAGCGAGCGCCGCCCCGAAGCAAAGCCGGAAAGCGCACC 
GCGGGAGCCGGCGGTGACTCTCCATGGTGGTGCGCGCCACGGG 
CAGCGGCGGCATGAACCTCGTGTTCGTCGGCGCC 


6281 


GGCGCCGACGAACACGAGGTTCATGCCGCCGCTGCCCGTGGCG 

CGCACCACCATGGAGAGICACCGCCGGCTCCCGCGGTGCGCTTT 

CCGGCTTTGCTTCGGGGCGGCGCTCGCTCCGATA 


6282 


CGGCGGTGACTCTCCAT 


6283 


ATGGAGAGTCACCGCCG 


6284 


Waxy starch 
GBSS 

Triticum turgidum 

Gln28Term 

CAG-TAG 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 
CCGGCGTGCAGGI 1 1 1 TAGGGTGTGAGGCCCCGGAGCCCGGCAG 
ATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 


6285 


TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACACCCTAAAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6286 


CAGGI 1 1 ITAGGGIGIG 


6287 


CACACCCTAAAAACCTG 


6288 


Waxy starch 
GBSS 

Triticum turgidum 

Lys52Term 

AAG-TAG 


CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCG 
GAGCGAGCGCCGCCCCGTAGCAACAAAGCCGGAAAGCGCACCG 
CGGGACCCGGCGGTGCCTCTCCATGGTGGTGCGCG 


6289 


CGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGTTGCTACGGGGCGGCGCTCGCTCCGGTAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 


6290 


CCGCCCCGIAGCAACAA 


6291 


TTGTTGCTACGGGGCGG 


6292 
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phenotype-Gene, I : . . >" ,\\ 
Plant & Targeted Altering Oligos 

Alteration | llu ' . • . i 


SEQID 

UQ: 


Waxy starch 
GBSS 

Triticum turgidum 

Gln53Term 

CAA-TAA 


CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAG 
CGAGCGCCGCCCCGAAGTAACAAAGCCGGAAAGCGCACCGCGG 
GACCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 


6293 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCTTTGTTACTTCGGGGCGGCGCTCGCTCCGGTAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 


6294 




6295 


GCTTTGTTACTTCGGGG 


6296 


Waxy starch 
GBSS 

Triticum turgidum 

Gln54Term 

CAA-TAA 


AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


6297 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGG 
TAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 


6298 


rGAAGCAATAAAGCHGG 


6299 


CCGGCTTTATTGCTTCG 


6300 


Waxy starch 
GBSS 

Triticum turgidum 

Lys57Term 

AAA-TAA 


GATGCGCCGCTCGGCATGAGGACTACCGGAGCGAGCGCCGCCC 

X^/ i 1 X^ XX VX X^ XX XX 1 XX XX XX XX # 1 1 XX « \XX i\/ ■ • tWw Wr IW V iXX XX XX XX XX XX XX XX XX 

CGAAGCAACAAAGCCGGTAAGCGCACCGCGGGACCCGGCGGTG 
CCTCTCCATGGTGGTGCGCGCCACGGGCAGCGCCG 


6301 


CGGCGCTGCCCGTGGCGCGCACCACCATGGAGAGGCACCGCCG 
GGTCCCGCGGTGCGCTTACCGGCTTTGTTGCTTCGGGGCGGCGC 
TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATC 


6302 


AAAGCCGGTAAGCGCAC 


6303 


GTGCGCTTACCGGCTTT 


6304 


Waxy starch 
GBSS 

Aegilops speltoides 

Gln28Term 

CAG-TAG 


CAGCTCGCCACCTCCGCCACCGTCCTCGGCATCACCGACAGGTT 

CCGCCATGCAGGTTTCTAGGGCGTGAGGCCCCGGAGCCCGGCAG 

ATGCGCCGCTCGGCATGAGGACTGTCGGAGCGA 


; 6305 


TCGCTCCGACAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACGCCCTAGAAACCTGCATGGCGGAACCTGTCGGT 
GATGCCGAGGACGGTGGCGGAGGTGGCGAGCTG 


6306 


CAGGTTTCIAGGGCGTG 


6307 


CACGCCCTAGAAACCTG 


6308 


Waxy starch 
GBSS 

Aegilops speltoides 

Gly46Term 

GGA-TGA 


GGTTTCCAGGGCGTGAGGCCCCGGAGCCCGGCAGATGCGCCGC 
TCGGCATGAGGACTGTCTGAGCGAGCGCCGCCCCGAAGCAACAA 
AGCCGGAAAGCGCACCGCGGGACCCGGCGGTGCC 


6309 


GGCACCGCCGGGTCCCGCGGTGCGCTTTCCGGCTTTGTTGCTTC 
GGGGCGGCGCTCGCTCAGACAGTCCTCATGCCGAGCGGCGCAT 
CTGCCGGGCTCCGGGGCCTCACGCCCTGGAAACC 


6310 
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Phendtype, Gene, 
Alteration 




SEQm 

5 




GGACTGTCTGAGCGAGC 


6311 


GCTCGCTCAGACAGTCC 


6312 


Waxy starch 
GBSS 

Aegilops speltoides 

Lys52Term 

AAG-TAG 


CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCG 
GAGCGAGCGCCGCCCCGTAGCAACAAAGCCGGAAAGCGCACCG 
CGGGACCCGGCGGTGCCTCTCGATGGTGGTGCGCG 


6313 


CGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGTTGCTACGGGGCGGCGCTCGCTCCGACAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 


6314 


CCGCCCCGIAGCAACAA 


6315 


TTGTTGCTACGGGGCGG 


6316 


Waxy starch 
GBSS 

Aegilops speltoides 

Gln53Term 

CAA-TAA 


CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCGGAG 
CGAGCGCCGCCCCGAAGTAACAAAGCCGGAAAGCGCACCGCGG 
GACCCGGCGGTGCCTCTCGATGGTGGTGCGCGCCA 


6317 


TGGCGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCTTTGTTACTTCGGGGCGGCGCTCGCTCCGACAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 


6318 


CCCCGAAGIAACAAAGC 


6319 


GCTTTGTTACTTCGGGG 


6320 


Waxy starch 
GBSS 

Aegilops speltoides 

GlnMTerm 

CAA-TAA 


AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCGGAGCGA 
GCGCCGCCCCGAAGCMTAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCGATGGTGGTGCGCGCCACCG 


6321 


CGGTGGCGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTnATTGCTTCGGGGCGGCGCTCGCTCCGA 
CAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 


6322 


CGAAGCMTAAAGCCGG 


6323 


CCGGCTTTATTGCTTCG 


6324 


Waxy starch 
GBSS 

Oryza glabemma 

Gln8Term 

CAG-TAG 


AGTGCAGAGATCTTCCACAGCAACAGCTAGACAACCACCATGTCG 
GCTCTCACCACGTCCTAGCTCGCCACCTCGGCCACCGGCTTCGG 
CATCGCTGACAGGTCGGCGCCGTCGTCGCTGC 


6325 


GCAGCGACGACGGCGCCGACCTGTCAGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTAGGACGTGGTGAGAGCCGACATGGTG 
GTTGTCTAGCTGTTGCTGTGGAAGATCTCTGCACT 


6326 


CCACGTCCIAGCTCGCC 


6327 


GGCGAGCTAGGACGTGG 


6328 ' 
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Plant & largoted 
Alteration ' , \ 


Attenng uugos , s . 


SEQS3 




Waxy starch 
GBSS 

Oryza glaberrima 


TCCACAGCAACAGCTAGACAACCACCATGTCGGCTCTCACCACGT 
CCCAGCTCGCCACCTAGGCCACCGGCTTCGGCATCGCTGACAGG 
TCGGCGCCGTCGTCGCTGCTCCGCCACGGGTT 


6329 


5 


Ser12Term 
TCG-TAG 


AACCCGTGGCGGAGCAGCGACGACGGCGCCGACCTGTCAGCGAT 

GCCGAAGCCGGTGGCCTAGGTGGCGAGCTGGGACGTGGTGAGA 

GCCGACATGGTGGTTGTCTAGCTGTTGCTGTGGA 


6330 






CGCCACCTAGGCCACCG 


6331 






CGGTGGCCTAGGTGGCG 


6332 




Waxy starch 
GBSS 

Oryza glaberrima 


CGGCTCTCACCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTC 

GGCATCGCTGACAGGTAGGCGCCGTCGTCGCTGCTCCGCCACGG 

GTTCCAGGGCCTCAAGCCCCGCAGCCCCGCCGG 


6333 


10 


Ser22Term 
TCG-TAG 


CCGGCGGGGCTGCGGGGCTTGAGGCCCTGGAACCCGTGGCGGA 
GCAGCGACGACGGCGCCTACCTGTCAGCGATGCCGAAGCCGGTG 
GCCGAGGTGGCGAGCTGGGACGTGGTGAGAGCCG 


6334 






TGACAGGTAGGCGCCGT 


6335 






ACGGCGCCIACCTGTCA 


6336 




Waxy starch 
GBSS 

Oryza glaberrima 


CCACGTCCCAGCTCGCCACCTCGGCCACCGGCnCGGCATCGCT 

GACAGGTCGGCGCCGTAGTCGCTGCTCCGCCACGGGTTCCAGG 

GCCTCAAGCCCCGCAGCCCCGCCGGCGGCGACGC 


6337 


15 


Ser25Term 
TCG-TAG . 


GCGTCGCCGCCGGCGGGGCTGCGGGGCTTGAGGCCCTGGAACC 

CGTGGCGGAGCAGCGACTACGGCGCCGACCTGTCAGCGATGCC 

GAAGCCGGTGGCCGAGGTGGCGAGCTGGGACGTGG 


_ 6338 






GGCGCCGTAGTCGCTGC 


6339 


i 




GCAGCGACIACGGCGCC 


6340 




Waxy starch 
GBSS 

Oryza glaberrima 


CGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCTGAC 
AGGTCGGCGCCGTCGTAGCTGCTCCGCCACGGGTTCCAGGGCCT 
CAAGCCCCGCAGCCCCGCCGGCGGCGACGCGAC 


6341 


20 


Ser26Term 
TCG-TAG 


GTCGCGTCGCCGCCGGCGGGGCTGCGGGGCTTGAGGCCCTGGA 
ACCCGTGGCGGAGCAGCTACGACGGCGCCGACCTGTCAGCGATG 
CCGAAGCCGGTGGCCGAGGTGGCGAGCTGGGACG 


6342 






GCCGTCGTAGCTGCTCC 


6343 






GGAGCAGCIACGACGGC 


6344 




Waxy starch 
GBSS 

Oryza sativa 


TCCACAGCAAGAGCTAAACAGCCGACCGTGTGCACCACCATGTCG 

GCTCTCACCACGTCCTAGCTCGCCACCTCGGCCACCGGCTTCGG 

CATCGCCGACAGGTCGGCGCCGTCGTCGCTGC 


6345 


25 


Gln8Term 
CAG-TAG 


GCAGCGACGACGGCGCCGACCTGTCGGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTAGGACGTGGTGAGAGCCGACATGGTG 
GTGCACACGGTCGGCTGTTTAGCTCTTGCTGTGGA 


6346 
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Phenotype, Gene~~T 
Plant & Targeted , j 
Alteration j 


:-; x : : : : : :<-±M<y^^mi-i'M.i: M ^■>m<<^<y-y--<-><><>^ foxMy** :■ :"xx ■■■■;<■ :^:::^:x?S:*'i;'v:; 

Altering Oltgos 


NO; ■ 




CCACGTCCIAGCTCGCC 


6347 


GGCGAGCTAGGACGTGG 


6348 


Waxy starch 
GBSS 

Oryza sativa 

Ser12Term 

TCG-TAG 


CTAAACAGCCGACCGTGTGCACCACCATGTCGGCTCTCACCACGT 
CCCAGCTCGCCACCTAGGCCACCGGCTTCGGCATCGCCGACAGG 
TCGGCGCCGTCGTCGCTGCTTCGCCACGGGTT 


6349 


AACCCGTGGCGAAGCAGCGACGACGGCGCCGACCTGTCGGCGAT 

GCCGAAGCCGGTGGCCTAGGTGGCGAGCTGGGACGTGGTGAGA 

GCCGACATGGTGGTGCACACGGTCGGCTGTTTAG 


6350 j 


CGCCACCTAGGCCACCG 


6351 


CGGTGGCCTAGGTGGCG 


6352 


Waxy starch 
GBSS 

Oryza sativa 

Ser22Term 

TCG-TAG 


CGGCTCTCACCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTC 

GGCATCGCCGACAGGTAGGCGCCGTCGTCGCTGCTTCGCCACGG 

GTTCCAGGGCCTCAAGCCCCGTAGCCCAGCCGG 


6353 


CCGGCTGGGCTACGGGGCTTGAGGCCCTGGAACCCGTGGCGAA 
GCAGCGACGACGGCGCCTACCTGTCGGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTGGGACGTGGTGAGAGCCG 


6354 


CGACAGGTAGGCGCCGT 


6355 


ACGGCGCCIACCTGTCG 


6356 


Waxy starch 
GBSS 

Oryza sativa 

Ser25Term 

TCG-TAG 


CCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCC 
GACAGGTCGGCGCCGTAGTCGCTGCTTCGCCACGGGTTCCAGGG 
CCTCAAGCCCCGTAGCCCAGCCGGCGGGGACGC 


6357 


GCGTCCCCGCCGGCTGGGCTACGGGGCTTGAGGCCCTGGAACC 
CGTGGCGAAGCAGCGACTACGGCGCCGACCTGTCGGCGATGCC 
GAAGCCGGTGGCCGAGGTGGCGAGCTGGGACGTGG 


6358 


GGCGCCGTAGTCGCTGC 


6359 


GCAGCGACIACGGCGCC 


6360 


Waxy starch 
GBSS 

Oryza sativa 

Ser26Term 

TCG-TAG 


CGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCCGAC 
AGGTCGGCGCCGTCGTAGCTGCTTCGCCACGGGTTCCAGGGCCT 
CAAGCCCCGTAGCCCAGCCGGCGGGGACGCATC 


6361 


GATGCGTCCCCGCCGGCTGGGCTACGGGGCTTGAGGCCCTGGAA 
CCCGTGGCGAAGCAGCTACGACGGCGCCGACCTGTCGGCGATGC 
CGAAGCCGGTGGCCGAGGTGGCGAGCTGGGACG 


6362 


GCCGTCGTAGCTGCTTC 


6363 


GAAGCAGCIACGACGGC 


6364 
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■ Phenotype, Gene } " \ 
. Alteration* : 


Alterin 9 0!igos 


SEQID 

Md: ■ 

::••••.•/*.... 

■■■■■■ 'i . 


Waxy starch 
GBSS 

Hordeum vulgare 

Gln8Term 

CAG-TAG 


GTCTCTCACTGCAGGTAGCCACACCCTGTGCGCGGCGCCATGGC 
GGCTCTGGCCACGTCCTAGCTCGCCACCTCCGGCACCGTCCTCG 
GCGTCACCGACAGATTCCGGCGTCCAGG I INC 


6365 


GAAAACCTGGACGCCGGMTCTGTCGGTGACGCCGAGGACGGTG 
CCGGAGGTGGCGAGCTAGGACGTGGCCAGAGCCGCCATGGCGC 
CGCGCACAGGGTGTGGCTACCTGCAGTGAGAGAC 


6366 


CCACGTCCIAGCTCGCC 


6367 


GGCGAGCTAGGACGTGG 


6368 


Waxy starch 
GBSS 

Hordeum vulgare 

Arg21Term 

AGA-TGA 


ATGGCGGCTCTGGCCACGTCCCAGCTCGCCACCTCCGGCACCGT 
CCTCGGCGTCACCGACIGATTCCGGCGTCCAGGTTTTCAGGGCCT 
CAGGCCCCGGAACCCGGCGGATGCGGCGCTTG 


6369 


CAAGCGCCGCATCCGCCGGGTTCCGGGGCCTGAGGCCCTGAAAA 

CCTGGACGCCGGAATCAGTCGGTGACGCCGAGGACGGTGCCGG 

AGGTGGCGAGCTGGGACGTGGCCAGAGCCGCCAT 


6370 


TCACCGACTGATTCCGG 


6371 


CCGGAATCAGTCGGTGA 


6372 


Waxy starch 
GBSS 

Hordeum vulgare 

Gln28Term 

CAG-TAG 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCGTCACCGACAGATT 
CCGGCGTCCAGGI 1 1 1 1 AGGGCCTCAGGCCCCGGAACCCGGCGG 
ATGCGGCGCTTGGTATGAGGACTATCGGAGCAA 


6373 


TTGCTCCGATAGTCCTCATACCAAGCGCCGCATCCGCCGGGTTCC 
GGGGCCTGAGGCCCTAAAAACCTGGACGCCGGAATCTGTCGGTG 
ACGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6374 


CAGGIIIIIAGGGCCIC 


6375 


GAGGCCCTAAAAACCTG 


6376 


Waxy starch 
GBSS 

Hordeum vulgare \ 

G!y46Term 

GGA-TGA 


GGTTTTCAGGGCCTCAGGCCCCGGAACCCGGCGGATGCGGCGCT 

TGGTATGAGGACTATCTGAGCAAGCGCCGCCCCGAAGCAAAGCC 

GGAAAGCGCACCGCGGGAGCCGGCGGTGCCTCT 


6377 


AGAGGCACCGCCGGCTCCCGCGGTGCGCTTTCCGGCTTTGCTTC 
GGGGCGGCGCTTGCTCAGATAGTCCTCATACCAAGCGCCGCATC 
CGCCGGGTTCCGGGGCCTGAGGCCCTGAAAACC 


6378 


GGACTATCIGAGCAAGC 


6379 


GCTTGCTCAGATAGTCC 


6380 


Waxy starch 
GBSS 

Hordeum vulgare 

Lys52Term 

AAG-TAG 


CCCCGGAACCCGGCGGATGCGGCGCTTGGTATGAGGACTATCGG 

AGCAAGCGCCGCCCCGTAGCAAAGCCGGAAAGCGCACCGCGGG 

AGCCGGCGGTGCCTCTCCGTGGTGGTGAGCGCCA 


6381 


TGGCGCTCACCACCACGGAGAGGCACCGCCGGCTCCCGCGGTG 
CGCTTTCCGGCTTTGCTACGGGGCGGCGCTTGCTCCGATAGTCC 
TCATACCAAGCGCCGCATCCGCCGGGTTCCGGGG 


6382 
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Altering Oltgos . , .; 

■ s 

; 


SEQIO 
NO; 




CCGCCCCGTAGCAAAGC 


6383 


GCTTTGCTACGGGGCGG 


6384 


Waxy starch 
GBSS 
Zea mays 
Gln8Term 
CAG-TAG 


ACG ICIIIICICICICICCI ACGCAG I'GGATl AATCGGCATGGCGG 
CTCTGGCCACGTCGTAGCTCGTCGCMCGCGCGCCGGCCTGGGC 
GTCCCGGACGCGTCCACGTTCCGCCGCGGCG 


6385 


CGCCGCGGCGGAACGTGGACGCGTCCGGGACGCCCAGGCCGGC 
GCGCGTTGCGACGAGCTACGACGTGGCCAGAGCCGCCATGCCGA 
TTAATCCACTGCGTAGGAGAGAGAGAAAAGACGT 


6386 


CCACGTCGTAGCTCGTC 


6387 


GACGAGCTACGACGTGG 


6388 


Waxy starch 
GBSS 
Zea mays 
Gln30Term 
CAG-TAG 


GTCGCMCGCGCGCCGGCCTGGGCGTCCCGGACGCGTCCACGT 

TCCGCCGCGGCGCCGCGTAGGGCCTGAGGGGGGCCCGGGCGTC 

GGCGGCGGCGGACACGCTCAGCATGCGGACCAGCG 


6389 


CGCTGGTCCGCATGCTGAGCGTGTCCGCCGCCGCCGACGCCCG 

GGCCCCCCTCAGGCCCTACGCGGCGCCGCGGCGGAACGTGGAC 

GCGTCCGGGACGCCCAGGCCGGCGCGCGTTGCGAC 


6390 


GCGCCGCGIAGGGCCTG 


6391 


CAGGCCCTACGCGGCGC 


6392 


Waxy starch 
GBSS 
Zea mays 
Ser38Term 
TCG-TAG 


TCCCGGACGCGTCCACGTTCCGCCGCGGCGCCGCGCAGGGCCT 

GAGGGGGGCCCGGGCGTAGGCGGCGGCGGACACGCTCAGCATG 

CGGACCAGCGCGCGCGCGGCGCCCAGGCACCAGCA 


6393 


TGCTGGTGCCTGGGCGCCGCGCGCGCGCTGGTCCGCATGCTGA 
GCGTGTCCGCCGCCGCCTACGCCCGGGCCCCCCTCAGGCCCTG 
CGCGGCGCCGCGGCGGAACGTGGACGCGTCCGGGA 


6394 


CCGGGCGTAGGCGGCGG 


6395 


CCGCCGCCIACGCCCGG 


6396 


Waxy starch 
GBSS 
Zea mays 
Ser57Term 
CAG-TAG 


GCGTCGGCGGCGGCGGACACGCTCAGCATGCGGACCAGCGCGC 

GCGCGGCGCCCAGGCACTAGCAGCAGGCGCGCCGCGGGGGCA 

GGTTCCCGTCGCTCGTCGTGTGCGCCAGCGCCGGCA 


6397 


TGCCGGCGCTGGCGCACACGACGAGCGACGGGAACCTGCCCCC 
GCGGCGCGCCTGCTGCTAGTGCCTGGGCGCCGCGCGCGCGCTG 
GTCCGCATGCTGAGCGTGTCCGCCGCCGCCGACGC 


6398 


CCAGGCACTAGCAGCAG 


6399 


CTGCTGCTAGTGCCTGG 


6400 
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Plants Targeted 


■ 

Altering filing 

Altering ungos 


mJ: 


Waxy starch 
GBSS 
lea mays 
Gln58Term 
CAG-TAG 


TCGGCGGCGGCGGACACGCTCAGCATGCGGACCAGCGCGCGCG 
CGGCGCCCAGGCACCAGTAGCAGGCGCGCCGCGGGGGCAGGTT 
CCCGTCGCTCGTCGTGTGCGCCAGCGCGGGCATGA 


6401 


TCATGCCGGCGCTGGCGCACACGACGAGCGACGGGAACCTGCCC 
CCGCGGCGCGCCTGCTACTGGTGCCTGGGCGCCGCGCGCGCGC 
TGGTCCGCATGCTGAGCGTGTCCGCCGCCGCCGA 


6402 


GGCACCAGJAGCAGGCG 


6403 


CGCCTGCTACTGGTGCC 


6404 



WO 01/92512 



-167- 



PCT/US01/17672 



Example 11 
Altering fatty acid content of plants 

Improved means to manipulate fatty acid compositions, from biosynthetic or natural plant 
sources, are needed. For example, oils containing reduced saturated fatty acids are desired for dietary 
5 reasons and oils containing increased saturated fatty acids are also needed as alternatives to current 
sources of highly saturated oil products, such as tropical oils or chemically hydrogenated oils. It would 
therefore be advantageous to influence directly the production and composition of fatty acids in crop plants. 

Higher plants synthesize fatty acids, primarily palmitic, stearic and oleic acids, in the plastids 
(i.e., chloroplasts, proplastids, or other related organelles) as part of the Fatty Acid Synthase (FAS) complex. 
1 0 Fatty acid synthesis is the result of the three enzymatic activities: acyl-ACP elongase, acyl-ACP desaturase 
and acyl-ACP thioesterases specific for each of palmitoyh stearoyl- and oleoyl-ACP. 

A variety of enzymes have been identified that influence the relative levels of saturated vs. 
unsaturated fatty acids in plants. For example, the enzymes stearoyl-acyl earner protein (stearoyl-ACP) 
desaturase, oleoyl desaturase and linoleate desaturase produce unsaturated fatty acids from saturated 
1 5 precursors. Similarly, relative enzymatic activities of the various acyl-ACP thioesterases influences the 

relative acyl-chain composition of the resultant fatty acids. Consequently a reduction or an increase of the 
activity of these enzymes can alter the properties of oils produced in a plant In fact, specific targeting of 
particular enzymatic activities can results in altered levels of particular fatty acids. 

The attached tables disclose exemplary oligonucleotides base sequences which can be 
20 used to generate site-specific mutations in plant genes encoding proteins involved in fatty acid biosynthesis. 



Table 22 

Oligonucleotides to produce plants with reduced palmitate 



25 



Phenotype, Gene, 
Plant & Targeted 
••fcion 


3 O-l'Q 

■ ■ .. ■ . 


SEQID 
NO; 


Reduced palmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 
Ser8Term 
TCG-TAG 


TTTGGTGGCAGTGTCTTTGAACGCTTCATCTCCTCGTCATGGTGGC 

CACCTCTGCTACGTAGTCATTCTTTCCTGTACCATCTTCTTCACTT 

GATCCTAATGGAAAAGGCAATAAGATTGG 


6405 


CCAATCTTATTGCCTTTTCCATTAGGATCAAGTGAAGAAGATGGTA 
CAGGAMGAATGACTACGTAGCAGAGGTGGCCACCATGACGAGG 
AGATGAAGCGTTCAAAGACACTGCCACCAAA 


6406 
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Tf^PTAPfTTA PTP ATTPT 
1 oU 1 fV^Kj 1 Mo 1 OA 1 1 U 1 


6407 


AGAATGACTACGTAGCA 


6408 


Reduced palmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 
Ser9Term 
TCA-TGA 


GGTGGCAGTGTCTTTGAACGCTTCATCTCCTCGTCATGGTGGCCA 

CCTCTGCTACGTCGTGATTCTTTCCTGTACCATCTTCTTCACTTGAT 

CCTAATGGAAAAGGCAATAAGATTGGGTC 


6409 


GACCCAATCTTATTGCCTnTCCATTAGGATCAAGTGAAGAAGATG 

GTACAGGAAAGAATCACGACGTAGCAGAGGTGGCCACCATGACGA 

GGAGATGAAGCGTTCAMGACACTGCCACC 


6410 


T APfTTPPTYl ATTP IMP 


6411 


GAAAGAATCACGACGTA 


6412 


Reduced palmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 
Ser17Term 
TCA-TGA 


ATCTCCTCGTCATGGTGGCCACCTCTGCTACGTCGTCATTCTTTCC 

TGTACCATCTTCTTGACTTGATCCTAATGGAAAAGGCAATAAGATT 

GGGTCTACGAATCTTGCTGGACTCAATTC 


6413 


GAAI 1 GAG 1 CCAGCAAGA 1 ICGIAGACCCAAICI IAI IGCCI 1 1 IC 
CATTAGGATCAAGTCAAGAAGATGGTACAGGAAAGAATGACGACG 
TAGCAGAGGTGGCCACCATGACGAGGAGAT 


6414 


ATCTTCTTGACTTGATC 


6415 


GATCAAGTCAAGAAGAT 


6416 


Reduced palmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 
Gly22Term 
GGA-TGA 


GTGGCCACCTCTGCTACGTCGTCATTCTTTCCTGTACCATCTTCTT 
CACTTGATCCTAATTGAAAAGGCAATAAGATTGGGTCTACGAATCT 
TGCTGGACTCAATTCTGCACCTAACTCTG 


6417 


CAGAGTTAGGTGCAGAATTGAGTCCAGCAAGATTCGTAGACCCAA 
TCTTATTGCCI 1 1 1 CAATTAGGATCAAGTGAAGAAGATGGTACAGG 
AAAGAATGACGACGTAGCAGAGGTGGCCAC 


6418 


ATCCTAATTGAAAAGGC 


6419 


GCCTTTT 


CAATTAGGAT 


6420 


Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 
Ser8Term 
TCA-TGA 


GCTTGAATTTGTGATCTGATTGGTTAATTGTGGCCACAATGGTTGC 
TACTGCCGCCACGTGATCATTCTTTCCGTTGACTTCCCCTTCTGGG 
GATGCCAAATCGGGCAATCCCGGAAAAGG 


6421 


CCTTTTCCGGGATTGCCCGATTTGGCATCCCCAGAAGGGGAAGTC 
AACGGAAAGAATGATCACGTGGCGGCAGTAGCAACCATTGTGGCC 
ACAATTAACCAATCAGATCACAAATTCAAGC 


6422 


CGCCACGTGATCATTCT 


6423 


AGAATGATCACGTGGCG 


6424 
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Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 
Ser9Term 
TCA-TGA 


TGAATTTGTGATCTGATTGGTTAATTGTGGCCACAATGGTTGCTAC 

TGCCGCCACGTCATGATTCTTTCCGTTGACTTCCCCTTCTGGGGAT 

GCCAAATCGGGCMTCCCGGAAMGGGTC 


6425 


GACCCTTTTCCGGGATTGCCCGATTTGGCATCCCCAGAAGGGGAA 
GTCAACGGAAAGAATCATGACGTGGCGGCAGTAGCAACCATTGTG 
GCCACAATTAACCAATCAGATCACAAATTCA 


6426 


CACGTCATGATTCTTTC 


6427 


GAAAGAATCATGACGTG" 


6428 


Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 
Leu13Term 
TTG-TAG 


CTGATTGGTTAATTGTGGCCACAATGGTTGCTACTGCCGCCACGT 
CATCATTCTTTCCGTAGACTTCCCCTTCTGGGGATGCCAAATCGG 
GCAATCCCGGAAAAGGGTCGGTGAG 1 1 1 IGG 


6429 


CCAAMCTCACCGACCCTTTTCCGGGATTGCCCGATTTGGCATCC 
CCAGAAGGGGAAGTCTACGGAAAGAATGATGACGTGGCGGCAGT 
AGCAACCATTGTGGCCACAATTAACCAATCAG 


6430 


CTT 


TCCGTAGACTTCCC 




6431 


GGGAAGTCTACGGAAAG 


6432 


Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 
Lys21Term 
AAA-TAA 


ATGGTTGCTACTGCCGCCACGTCATCATTCTTTCCGTTGACTTCCC 

CTTCTGGGGATGCCTAATCGGGCAATCCCGGAAAAGGGTCGGTG 

AGTTTTGGGTCAATGAAGTCGAAATCCGCGG 


6433 


CCGCGGATnCGACTTCATTGACCCAAAACTCACCGACCCTTTTCC 

GGGATTGCCCGATTAGGCATCCCCAGAAGGGGAAGTCAACGGM 

AGAATGATGACGTGGCGGCAGTAGCMCCAT 


6434 


GGGATGCCTAATCGGGC 


6435 


GCCCGATTAGGCATCCC 


6436 


Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 
Ser8Term 
TCG-TAG 


GGGATTTCAGCACGAAATTGAAG I IGI 1 1 1 1 AAAAACCATGGTTGC 
TACTGCTGTGACATAGGCG 1 1 1 1 1 CCCAGTCACTTCTTCACCTGAC 
TCCTCTGACTCGAAAAACAAGAAGCTCGG 


6437 


CCGAGCnCTTGTTTTTCGAGTCAGAGGAGTCAGGTGAAGAAGTG 

ACTGGGAAAAACGCCTATGTCACAGCAGTAGCAACCATGGTTTTTA 

AAAACAACTTCAATTTCGTGCTGAAATCCC 


6438 


IGIGACAIAGGCGIIII 


6439 


AAAACGCCTATGTCACA 


6440 


Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 
Ser16Term 
TCA-TGA 


IGI 1 1 1 IAAAAACCAIGGI IGCIACIGC1GIGACAICGGCGI 1 1 1 1 

CCCAGTCACTTCTTGACCTGACTCCTCTGACTCGAAAAACAAGAAG 

CTCGGAAGCATCAAGTCGAAGCCATCGGT 


6441 


ACCGATGGCnCGACTTGATGCTTCCGAGCTTCTTGTTTTTCGAGT 
CAGAGGAGTCAGGTCAAGAAGTGACTGGGAAAAACGCCGATGTCA 
CAGCAGTAGCAACCATGG 1 1 1 1 lAAAAACA 


6442 
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CACTTCTTGAnnTGAPT 


6443 


AGTCAGGTCAAGAAGTG 


6444 


Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 
Ser22Term 
TCG-TAG 


1 IGCIACIGCIGIGACAICGGCGI 1 1 1 IGUCAGICACI ICI ICACC 
TGACTCCTCTGACTAGAAAAACAAGAAGCTCGGAAGCATCAAGTC 
GAAGCCATCGGTTTCTTCTGGAAGTTTGCA 


6445 


TGCAAACTTCCAGAAGAAACCGATGGCTTCGACTTGATGCTTCCGA 
GCTTCTTGI 1 1 1 1 CIAGTCAGAGGAGTCAGGTGAAGAAGTGACTGG 
GAAAAACGCCGATGTCACAGCAGTAGCAA 


6446 


CTCTGACTAGAAAAACA 


6447 


IGIIIIICIAGICAGAG 


6448 


Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 
Lys23Term 
AAA-TAA 


GCIACIGCIGIGACAICGGCGI 1 1 1 ICCCAGICACI ICI ICACCIG 

ACTCCTCTGACTCGTAAAACAAGAAGCTCGGAAGCATCAAGTCGA 

AGCCATCGGTTTCTTCTGGAAGTTTGCAAG 


6449 


CTTGCAAACTTCCAGAAGAAACCGATGGCTTCGACTTGATGCTTCC 

GAGCTTCTTGTTTTACGAGTCAGAGGAGTCAGGTGAAGAAGTGAC 

TGGGAAAAACGCCGATGTCACAGCAGTAGC 


6450 


PTft A PTP ftT A A A A P A A ft 


6451 


CI IGI 1 1 1 ACGAG 1 GAG 


6452 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Ser14Term 
TCG-TAG 


CTCCCGCTCGTTGAAAGACAATGGTGGCTACCGCTGCAAGCTCTG 
CATTCTTCCCCGTGTAGTCCCCGGTCACCTCCTCTAGACCAGGAA 
AGCCCGGAAATGGGTCATCGAGCTTCAGCCC 


6453 


GGGCTGAAGCTCGATGACCCATTTCCGGGCTTTCCTGGTCTAGAG 
GAGGTGACCGGGGACIACACGGGGAAGAATGCAGAGCTTGCAGC 
GGTAGCCACCATTGTCTTTCAACGAGCGGGAG 


6454 


CCCCGTGTAGTCCCCGG 


6455 


CCGGGGACIACACGGGG 


6456 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Arg21Term 
AGA-TGA 


ATGGTGGCTACCGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCC 
CCGGTCACCTCCTCTTGACCAGGAAAGCCCGGAAATGGGTCATCG 
AGCTTCAGCCCCATCAAGCCCAAATTTGTCG 


6457 


CGACAAATTTGGGCTTGATGGGGCTGAAGCTCGATGACCCATTTC 
CGGGCTTTCCTGGTCAAGAGGAGGTGACCGGGGACGACACGGG 
GAAGAATGCAGAGCTTGCAGCGGTAGCCACCAT 


6458 


CCTCCTCTTGACCAGGA 


6459 


TCCTGGTCAAGAGGAGG 


6460 
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Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Gly23Term 
GGA-TGA 


GCTACCGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCCCCGGTC 
ACCTCCTCTAGACCATGAAAGCCCGGAAATGGGTCATCGAGCTTC 
AGCCCCATCAAGCCCAAATTTGTCGCCAATG 


6461 


CATTGGCGACAAATTTGGGCTTGATGGGGCTGMGCTCGATGACC 
CATTTCCGGGCTTTCATGGTCTAGAGGAGGTGACCGGGGACGAC 
ACGGGGAAGAATGCAGAGCTTGCAGCGGTAGC 


6462 : 


CTAGACCATGAAAGCCC 


6463 


GGGCTTTCATGGTCTAG 


6464 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Lys24Term 
AAG-TAG 


ACCGCTGCMGCTCTGCATTCTTCCCCGTGTCGTCCCCGGTCACC 
TCCTCTAGACCAGGATAGCCCGGAAATGGGTCATCGAGCTTCAGC 
CCCATCAAGCCCAAATTTGTCGCCAATGGCG 


6465 


CGCCATTGGCGACAAATTTGGGCTTGATGGGGCTGAAGCTCGATG 

ACCCATTTCCGGGCTATCCTGGTCTAGAGGAGGTGACCGGGGAC 

GACACGGGGAAGAATGCAGAGCTTGCAGCGGT 


6466 


GACCAGGATAGCCCGGA 


6467 


TCCGGGCTATCCTGGTC 


6468 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 
Gly23Term 
GGA-TGA 


GCCACCGCTGCAAGTTCTGCATTCTTCCCCCTGCCGTCCCCGGAC 
ACCTCCTCTAGGCCGTGAAAGCTCGGAAATGGGTCATCGAGCTTG 
AGCCCCCTCAAGCCCAMTTTGTCGCCMTG 


6469 


CATTGGCGACAAATTTGGGCTTGAGGGGGCTCAAGCTCGATGACC 
CATTTCCGAGCTTTCACGGCCTAGAGGAGGTGTCCGGGGACGGC 
AGGGGGAAGAATGCAGAACTTGCAGCGGTGGC 


6470 


CTAGGCCGIGAAAGCTC 


6471 


GAGCTTTCACGGCCTAG 


6472 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 
Lys24Term 
AAG-TAG 


ACCGCTGCAAGTTCTGCATTCTTCCCCCTGCCGTCCCCGGACACC 
TCCTCTAGGCCGGGATAGCTCGGAAATGGGTCATCGAGCTTGAGC 
CCCCTCAAGCCCAAATTTGTCGCCAATGCCG 


6473 


CGGCATTGGCGACAAATTTGGGCTTGAGGGGGCTCAAGCTCGAT 
GACCCATTTCCGAGCTATCCCGGCCTAGAGGAGGTGTCCGGGGA 
CGGCAGGGGGAAGAATGCAGAACTTGCAGCGGT 


6474 


GGCCGGGAIAGCTCGGA 


6475 


TCCGAGCTATCCCGGCC 


6476 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 
Gly26Term 
GGA-TGA 


GCAAGnCTGCAncnCCCCCTGCCGTCCCCGGACACCTCCTCT 
AGGCCGGGAAAGCTCTGAAATGGGTCATCGAGCTTGAGCCCCCT 
CAAGCCCAAATTTGTCGCCAATGCCGGGTTGA 


6477 


TCAACCCGGCATTGGCGACAAATTTGGGCTTGAGGGGGCTCAAGC 
TCGATGACCCATTTCAGAGCTTTCCCGGCCTAGAGGAGGTGTCCG 
GGGACGGCAGGGGGAAGAATGCAGAACTTGC 


6478 
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G AAAGCTCTG AAATG GG 


6479 


CCCATTTCAGAGCTTTC 


6480 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 
Ser29Term 
TCA-TGA 


CATTCTTCCCCCTGCCGTCCCCGGACACCTCCTCTAGGCCGGGM 
AGCTCGGAAATGGGTGATCGAGCTTGAGCCCCCTCAAGCCCAAAT 
TTGTCGCCAATGCCGGGTTGAAGGTTAAGGC 


6481 


GCCTTAACCTTCAACCCGGCATTGGCGACAAATTTGGGCTTGAGG 
GGGCTCAAGCTCGATCACCCATTTCCGAGCTTTCCCGGCCTAGAG 
GAGGTGTCCGGGGACGGCAGGGGGAAGAATG 


6482 


AAATGGGTGATCGAGCT 


6483 


AGCTCGATCACCCATTT 


6484 


Reduced palmitate 
Acyl-ACP-thioesterase 
Helianthus annuus 
Ser9Term 
TCG-TAG 


CGTTTAAGTGGATCGGACATTTAAG I G 1 1 1 IAAICAIGGTAGCTAT 
GAGTGCTACTGCGTAGCTGTTTCCGGTTTCTTCCCCAAAACCTCA 
CTCTGGAGCCAAGACATCTGATAAGCTTGG 


6485 


CCAAGCTTATCAGATGTCTTGGCTCCAGAGTGAGGTTTTGGGGAA 
GAAACCGGAAACAGCTACGCAGTAGCACTCATAGCTACCATGATT 
AAAACACTTAAATGTCCGATCCACTTAAACG 


6486 


TACTGCGTAGCTGTTTC 


6487 


GAAACAGCIACGCAGTA 


6488 


Reduced palmitate 
Acyl-ACP-thioesterase 
Helianthus annuus 
Lys17Term 
AAA-TAA 


AGTGTTTTAATCATGGTAGCTATGAGTGCTACTGCGTCGCTGTTTC 
CGGTTTCTTCCCCATAACCTCACTCTGGAGCCAAGACATCTGATAA 
GCTTGGAGGTGAACCAGGTAGTGTTGCTG 


6489 


CAGCAACACTACCTGGTTCACCTCCAAGCTTATCAGATGTCTTGGC 

TCCAGAGTGAGGTTATGGGGAAGAAACCGGAAACAGCGACGCAG 

TAGCACTCATAGCTACCATGAnAAAACACT 


6490 


CTTCCCCAIMCCTCAC 


6491 


GTGAGGTTATGGGGAAG 


6492 


Reduced palmitate 
Acyl-ACP-thioesterase 
Helianthus annuus 
Gly21Term 
GGA-TGA 


ATGGTAGCTATGAGTGCTACTGCGTCGCTGTTTCCGGTTTCTTCCC 
CAAAACCTCACTCTTGAGCCAAGACATCTGATAAGCTTGGAGGTGA 
ACCAGGTAGTGTTGCTGTGCGCGGMTCA 


6493 


TGATTCCGCGCACAGCAACACTACCTGGTTCACCTCCAAGCTTATC 
AGATGTCTTGGCTCAAGAGTGAGG 1 1 1 1 GGGGMGAAACCGGAAA 
CAGCGACGCAGTAGCACTCATAGCTACCAT 


6494 


CTCACTCTTGAGCCAAG 


6495 


CTTGGCTCAAGAGTGAG 


6496 
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Reduced palmitate 
Acyl-ACP-thioesterase 
Helianthus annuus 
Lys23Term 
AAG-TAG 


GCTATGAGTGCTACTGCGTCGCTGTTTCCGGTTTCTTCCCCAAAAC 

CTCACTCTGGAGCCTAGACATCTGATMGCTTGGAGGTGAACCAG 

GTAGTGTTGCTGTGCGCGGAATCAAGACM 


6497 


TTGTCTTGATTCCGCGCACAGCAACACTACCTGGTTCACCTCCAAG 
CTTATCAGATGTCTAGGCTCCAGAGTGAGGI 1 1 IGGGGAAGAAAC 
CGGAAACAGCGACGCAGTAGCACTCATAGC 


6498 


CTGGAGCCIAGACATCT 


6499 


AGATGTCTAGGCTCCAG 


6500 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea palustris 
Lys21Term 
AAA-TAA 


ATGGTGGCTGCTGCAGCAAG 1 1 CTGCATGCTTCCCTGTrCCATCC 

CCAGGAGCCTCCCCTTAACCTGGGMGTTAGGCMCTGGTCATCG 

AGTTTGAGCCCTTCCTTGAAGCCCAAGTCAA 


6501 


TTGACTTGGGCTTCAAGGAAGGGCTCAAACTCGATGACCAGTTGC 
CTAACTTCCCAGGTTAAGGGGAGGCTCCTGGGGATGGAACAGGG 
AAGCATGCAGAACTTGCTGCAGCAGCCACCAT 


6502 


CCTCCCCTTAACCTGGG 


6503 


CCCAGGTTAAGGGGAGG 


6504 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea palustris 
Lys24Term 
AAG-TAG 


GCTGCAGCAAGTTCTGCATGCTTCCCTGTTCCATCCCCAGGAGCC 
TCCCCTAAACCTGGGTAGTTAGGCAACTGGTCATCGAGTTTGAGC 
CCTTCCTTGAAGCCCAAGTCAAtCCCCAATG 


6505 


CATTGGGGATTGACTTGGGCTTCAAGGAAGGGCTCAAACTCGATG 

ACCAGTTGCCTAACTACCCAGGTTTAGGGGAGGCTCCTGGGGATG 

GAACAGGGAAGCATGCAGAACTTGCTGCAGC 


6506 


AACCTGGGTAGTTAGGC 


6507 


GCCTAACTACCCAGGTT 


6508 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea palustris 
Trp28Term 
TGG-TGA 


TGCATGCTTCCCTGTTCCATCCCCAGGAGCCTCCCCTAAACCTGG 
GAAGTTAGGCAACTGATCATCGAGTTTGAGCCCTTCCTTGAAGCC 
CAAGTCAATCCCCAATGGCGGATTTCAGGTT 


6509 


AACCTGAAATCCGCCATTGGGGATTGACTTGGGCTTCAAGGAAGG 
GCTCAAACTCGATGATCAGTTGCCTAACTTCCCAGGTTTAGGGGA 
GGCTCCTGGGGATGGAACAGGGAAGCATGCA 


6510 


GGCAACTGATCATCGAG 


6511 


CTCGATGATCAGTTGCC 


6512 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea palusths 
Ser29Term 
TCA-TGA 


CATGCTTCCCTGTTCCATCCCCAGGAGCCTCCCCTAAACCTGGGA 
AGTTAGGCAACTGGTGATCGAGTTTGAGCCCTTCCTTGAAGCCCA 
AGTCMTCCCCMTGGCGGATTTCAGGTTAA 


6513 


TTAACCTGAAATCCGCCATTGGGGATTGACTTGGGCTTCAAGGAA 
GGGCTCAAACTCGATCACCAGTTGCCTAACTTCCCAGGTTTAGGG 
GAGGCTCCTGGGGATGGAACAGGGAAGCATG 


6514 
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Lr AAU 1 bo 1 bA 1 OoAu 1 1 


6515 


MCTCGATCACCAGTTG 


6516 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Lys21Term 
AAA-TAA 


ATGGTGGCTGCCGCAGCAAGTTCTGCATTCTTCTCCGTTCCAACC 
CCGGGAATCTCCCCTTAACCCGGGAAGTTCGGTAATGGTGGCTTT 
CAGGTTAAGGCAAACGCCAATGCCCATCCTA 


6517 


TAGGATGGGCATTGGCGTTTGCCTTAACCTGAAAGCCACCATTAC 
CGAACTTCCCGGGTTAAGGGGAGATTCCCGGGGTTGGAACGGAG 
AAGAATGCAGAACTTGCTGCGGCAGCCACCAT 


6518 


TCTCCCCTTAACCCGGG 


6519 


CCCGGGTTAAGGGGAGA 


6520 


Reduced Dalmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Lys24Term 
AAG-TAG 


TCCCCTAAACCCGGGTAGTTCGGTAATGGTGGCTTTCAGGTTAAG 
GCAMCGCCAATGCCCATCCTAGTCTAAAGT 


6521 


APTTTAf5APTA^fiAT^r;fir'ATTf^firf5TTT(^PrTTAAPr , Tf5AAAr;rr 
r\\j 1 1 1 rvMVkj I 1 UV3l3\->A 1 1 Uuv/U 1 1 IUULiI 1 r\r\\jKj 1 0/WVJOO 

ACCATTACCGAACTACCCGGGTTTAGGGGAGATTCCCGGGGTTGG 
AACGGAGAAGAATGCAGAACTTGCTGCGGC 


6522 




6523 


ACCGAACTACCCGGGTT 


6524 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Gln31Term 
CAG-TAG 


TTCTCCGTTCCAACCCCGGGAATCTCCCCTAAACCCGGGAAGTTC 
GGTAATGGTGGCTTTTAGGTTAAGGCAMCGCCAATGCCCATCCT 
AGTCTAAAGTCTGGCAGCCTCGAGACTGAAG 


6525 


CTTCAGTCTCGAGGCTGCCAGACTTTAGACTAGGATGGGCATTGG 
CGTTTGCCTTAACCTAAAAGCCACCATTACCGAACTTCCCGGGTTT 
AGGGGAGATTCCCGGGGTTGGAACGGAGAA 


6526 


(TTflfiPl 1 1 lAfifiTTAAfi 


6527 


CTTAACCTAAAAGCCAC 


6528 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Lys33Term 
AAG-TAG 


GTTCCAACCCCGGGAATCTCCCCTAAACCCGGGAAGTTCGGTAAT 
GGTGGCTTTCAGGTTTAGGCAAACGCCAATGCCCATCCTAGTCTA 
AAGTCTGGCAGCCTCGAGACTGAAGATGACA 


6529 


TGTCATCTTCAGTCTCGAGGCTGCCAGACnTAGACTAGGATGGG 

CATTGGCGTTTGCCTAMCCTGAAAGCCACCATTACCGAACTTCCC 

GGGTTTAGGGGAGATTCCCGGGGTTGGAAC 


6530 


TTCAGGTTIAGGCAAAC 


6531 


GTTTGCCTAAACCTGAA 


6532 
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Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica rapa 
Gln21Term 
CAA-TAA 


ATGIT^GCTCTCGTCT 

TCTCGCATTCTCATTAACCGGATCCGGCACACCGGAGAACCGTCT 
CCTCCGTGTCGTGCTCTCATCTGAGGAAAC 


6533 


GTTTCCTCAGATGAGAGCACGACACGGAGGAGACGGTTCTCCGGT 
GTGCCGGATCCGGTTAATGAGAATGCGAGAAGAGGGTCTGTAACT 
TATCAGTCGCATTACACGAGAGCTTCAACAT 


6534 | 


ATTCTCATTAACCGGAT 


6535 


ATCCGGTTAATGAGAAT 


6536 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica rapa 
Arg28Term 
AGA-TGA 


GCGACTGATAAGTTACAGACCCTCTTCTCGCATTCTCATCAACCGG 
ATCCGGCACACCGGTGAACCGTCTCCTCCGTGTCGTGCTCTCATC 
TGAGGAAACCGGTTCTCGATCCTTTGCGAG 


6537 


CTCGCAAAGGATCGAGAACCGGTTTCCTCAGATGAGAGCACGACA 
CGGAGGAGACGGTTCACCGGTGTGCCGGATCCGGTTGATGAGAA 
TGCGAGAAGAGGGTCTGTAACTTATCAGTCGC 


6538 


CACACCGGIGAACCGTC 


6539 


GACGGTTCACCGGTGTG 


6540 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica rapa 
Ser24Term 
TCG-TAG 


CCCTCTTCTCGCATTCTCATCAACCGGATCCGGCACACCGGAGAA 
CCGTCTCCTCCGTGTAGTGCTCTCATCTGAGGAAACCGGTTCTCG 
ATCCTTTGCGAGCGATCGTATCTGCTGATCA 


6541 


TGATCAGCAGATACGATCGCTCGCAAAGGATCGAGAACCGGTTTC 
CTCAGATGAGAGCACTACACGGAGGAGACGGTTCTCCGGTGTGC 
CGGATCCGGTTGATGAGAATGCGAGAAGAGGG 


6542 


CTCCGTGTAGTGCTCTC 


6543 


GAGAGCACTACACGGAG 


6544 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica rapa 
Cys25Term 
TGC-TGA 


CTTCTCGCATTCTCATCMCCGGATCCGGCACACCGGAGAACCGT 
CTCCTCCGTGTCGTGATCTCATCTGAGGAAACCGGTTCTCGATCC 
TTTGCGAGCGATCGTATCTGCTGATCMGGA 


6545 


TCCTTGATCAGCAGATACGATCGCTCGCAAAGGATCGAGAACCGG 
TTTCCTCAGATGAGATCACGACACGGAGGAGACGGTTCTCCGGTG 
TGCCGGATCCGGTTGATGAGAATGCGAGAAG 


6546 


GTGTCGTGATCTCATCT 


6547 


AGATGAGATCACGACAC 


6548 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica napus 
Leu2Term 
TTG-TAG 


ATTCTTCTTCTATAAACCAAAACCTCAGGAACCATAAAAAAAAAAGG 

GCATCAAAAATGTAGAAGCTTTCGTGTAATGTGACTAACAACTTAC 

ACACCnCTCCnCnCTCCGATTCCTC 


6549 


GAGGAATCGGAGAAGAAGGAGAAGGTGTGTAAGTTGTTAGTCACA 
TTACACGAAAGCTTCTACA 1 1 1 1 1 GATGCCC 1 1 1 1 1 1 1 1 1 1 ATGGTTC 
CTGAGGTTTTGGTTTATAGAAGAAGAAT 


6550 
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AAAMTGTAGAAGCTTT 


6551 


AAAGCI ICIACAI 1 1 1 1 


6552 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica napus 
Lys3Term 
AAG-TAG 


TCTTCTTCTATAAACCAAAACCTCAGGAACCATAAAAAAAAAAGGG 

CATCAAAAATGTTGTAGCTTTCGTGTAATGTGACTAACAACTTACAC 

ACCTTCTCCTTCnCTCCGATTCCTCCC 


6553 


GGGAGGAATCGGAGMGAAGGAGAAGGTGTGTAAGTTGTTAGTCA 
CATTACACGAAAGCTACAACA 1 1 1 1 IGATGCCCI 1 1 1 1 1 1 1 1 IATGG 
TTCCTGAGGTTTTGGTTTATAGAAGAAGA 


6554 


AAATGTTGIAGCnTCG 


6555 


CGAAAGCTACAACATTT 


6556 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica napus 
Ser5Term 
TCG-TAG 


CTATAAACCAAAACCTCAGGAACCATAAAAAAAAAAGGGCATCAAA 

AATGTTGAAGCTTTAGTGTAATGTGACTMCMCTTACACACCTTCT 

CCTTCTTCTCCGATTCCTCCCTTTTCAT 


6557 


ATGAAAAGGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTAAGTTG 
TTAGTCACATTACACTAAAGCTTC AACA 1 1 1 1 IGATGCCCI 1 1 1 II 1 1 
TTATGGTTCCTGAGGI 1 1 IGGTTTATAG 


6558 


GAAGCTTTAGTGTAATG 


6559 


CATTACACTAAAGCTTC 


6560 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica napus 
Cys6Term 
TGT-TGA 


AAACCAAAACCTCAGGAACCATAAAAAAAAAAGGGCATCAAAAATG 

TTGAAGCTTTCGTGAAATGTGACTAACAACTTACACACCTTCTCCTT 

CTTCTCCGATTCCTCCCTTTTCATCCCG 


6561 


CGGGATGAAAAGGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTA 
AGTTGTTAGTCACATTTCACGAAAGCTTCAACA 1 1 1 1 1 GATGCCCTT 
1 1 1 1 1 1 1 1 ATGGTTCCTGAGGTTTTGGTTT 


6562 


CTTTCGTGAAATGTGAC 


6563 


GTCACATTTCACGAAAG 


6564 
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Table 23 

Oligonucleotides to produce plants with increased stearate 



Phenotvpe, Gene* 
. Plants Targeted 
- Alteration ■ 


. I ' Altering Oligos \-, , ; < - : 


SEQiD 

III 


Increased stearate 

stearoyl-ACP 

desaturase 

Arabidopsis thaliana 

Lys4Term 

AAG-TAG 


GGGAGAGCTCTAGCTCTGTAGAAAAGAAGGATTCATTCATCATATC 
CAGAAATGGCTCTATAGTTTAACCCTTTGGTGGCATCTCAGCCTTA 
CAAATTCCCTTCCTCGACTCGTCCGCCAA 


6565 1 


TTGGCGGACGAGTCGAGGAAGGGAATTTGTAAGGCTGAGATGCCA 

CCAAAGGGTTAAACTATAGAGCCATTTCTGGATATGATGAATGAAT 

CCTTCTTTTCTACAGAGCTAGAGCTCTCCC 


6566 


1 Uuu 1 O 1 MIMV3 1 1 1 nnl/ 


000/ 


GTTAAACTATAGAGCCA 


6568 


Increased stearate 

stearoyl-ACP 

desaturase 

Arabidopsis thaliana 

Leu8Term 

TTG-TAG 


rTPT^TAfiAAAA^AAfifiATTrATTrATrATATrrAfiAAATCnrTrT 

Ol vlul AUnnnAurvAO O/A 1 1 V-/r\ l l \sr\ l un I r\ 1 ww/AOAWA l uuw l o 1 

AAAGTTTAACCCTTAGGTGGCATCTCAGCCTTACAAATTCCCTTCC 
TCGACTCGTCCGCCAACTCCTTCTTTCAG 




rTRAAARAARRAftTTftfirRRArRAftTrftAftfiAAftRfiAATTTRTAA 
GGCTGAGATGCCACCTAAGGGTTAMCTTTAGAGCCATTTCTGGAT 
ATGATGAATGAATCCTTCI 1 1 ICTACAGAG 


OOi u 


TAArmrARRTfifirAT 

1 Anuuu 1 1 MOO 1 OOvn 1 


fi571 


ATGCCACCIAAGGGTTA 


6572 


Increased stearate 

stearoyl-ACP 

desaturase 

Arabidopsis thaliana 

Gln12Term 

CAG-TAG 


AGAAGGATTCATTCATCATATCCAGAAATGGCTCTAAAGTTTAACC 

CTTTGGTGGCATCTTAGCCTTACAAATTCCCTTCCTCGACTCGTCC 

GCCAACTCCTTCTTTCAGATCTCCCAAGT 


6573 


ACTTGGGAGATCTGAAAGAAGGAGTTGGCGGACGAGTCGAGGAA 

GGGAATTTGTAAGGCTAAGATGCCACCAAAGGGTTAAACTTTAGAG 

CCATTTCTGGATATGATGAATGAATCCTTCT 


6574 


TGGCATCTTAGCCTTAC 


6575 


GTAAGGCTAAGATGCCA 


6576 


Increased stearate 

stearoyl-ACP 

desaturase 

Arabidopsis thaliana 

Phe14Term 

TAC-TAG 


TCATTCATCATATCCAGAAATGGCTCTAAAGTTTAACCCTTTGGTG 

GCATCTCAGCCTTAGAAATTCCCTTCCTCGACTCGTCCGCCAACTC 

CTTCTTTCAGATCTCCCAAGTTCCTCTGC 


6577 


GCAGAGGAACTTGGGAGATCTGAAAGAAGGAGTTGGCGGACGAG 
TCGAGGAAGGGAATTTCTAAGGCTGAGATGCCACCAAAGGGTTAA 
ACTTTAGAGCCATTTCTGGATATGATGAATGA 


6578 


CAGCCTTAGAAATTCCC 


6579 


GGGAATTTCTAAGGCTG 


6580 
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Phenotype, Gene, ■ 
Plant & Targeted ^ 
■ "• Alteration 


■ 

• 


seqid; 

NO: 

• •• • 


Increased stearate 

stearoyl-ACP 

desaturase 

Brassica napus 

Leu3Term 

TTG-TAG 


GAGAGCTCGCTCGTGTCTGAAAGAACATCAAACCTCG I ATCAAAAA 
AAAGAAAATGGCATAGAAGCTTMCCCTTTGGCATCTCAGCCTTAC 
AAACTCCCTTCCTCGGCTCGTCCGCCAAT 


6581 


ATTGGCGGACGAGCCGAGGAAGGGAGTTTGTAAGGCTGAGATGC 
CAAAGGGTTAAGCTTCTATGCCATTTTC 1 1 1 1 1 1 1 1 GATACGAGGTT 
TGATGTTCTTTCAGACACGAGCGAGCTCTC 


6582 


AATGGCATAGAAGCTTA 


6583 


TAAGCTTCTATGCCATT 


6584 


Increased stearate 

HiwIwUwwvl wlwUI QLw 

stearoyl-ACP 
desaturase 
Brassica napus 
Lys4Term 
AAG-TAG 


GAGCTCGCTCGTGTCTGAAAGMCATCAAA^fiTnfiTATrAAAAAAA 
AGAAAATGGCATTGTAGCTTAACCCTTTGGCATCTCAGCCTTACAA 
ACTCCCnCCTCGGCTCGTCCGCCAATCT 




AGATTGGCGGACGAGCCGAGGAAGGGAGTTTGTAAGGCTGAGAT 
GCCAAAGGGTTAAGCTACAATGCCA 1 1 1 ICI 1 1 1 1 1 1 IGATACGAG 
GTTTGATGTTCTTTCAGACACGAGCGAGCTC 


6586 


TGGCATTGIAGCTTAAC 


6587 


GTTAAGCTACAATGCCA 


6588 


Increased stearate 

stearoyl-ACP 

desaturase 

Brassica napus 

Leu8Term 

TTG-TAG 


TCTGAAAGMCATCAAACCTCGTATCAAAAAAAAGAAAATGGCATT 

GAAGCTTMCCCTTAGGCATCTCAGCCTTACAAACTCCCTTCCTCG 

GCTCGTCCGCCAATCTCTACTCTCAGATC 


6589 


GATCTGAGAGTAGAGATTGGCGGACGAGCCGAGGAAGGGAGTTT 
GTMGGCTGAGATGCCTAAGGGTTAAGCTTCAATGCCATTTTCTTT 
1 1 1 1 1 GATACGAGGTTTGATGTTCTTTCAGA 


6590 


TAACCCTTAGGCATCTC 


6591 


GAGATGCCTAAGGGTTA 


6592 


Increased stearate 

stearoyl-ACP 

desaturase 

Brassica napus 

GInllTerm 

CAG-TAG 


AACATCAAACCTCGTATCAAAAAAAAGAAAATGGCATTGAAGCTTAA 
CCCTTTGGCATCTTAGCCTTACAAACTCCCTTCCTCGGCTCGTCCG 
CCAATCTCTACTCTCAGATCTCCCAAGT 


6593 


ACTTGGGAGATCTGAGAGTAGAGATTGGCGGACGAGCCGAGGAA 
GGGAGTTTGTAAGGCTAAGATGCCAAAGGGTTAAGCTTCAATGCC 
ATTTTCI 1 1 1 1 1 1 1 GATACGAGGTTTGATGTT 


6594 


TGGCATCTIAGCCTTAC 


6595 


GTAAGGCTAAGATGCCA 


6596 


Increased stearate 

stearoyl-ACP 

desaturase 

Ricinus communis 

Gln27Term 

CAA-TAA 


AACCAAAAGAAAAAGGTAAGAAAAAAAACAATGGCl C 1 CAAGCTCA 
ATCCTTTCCTTTCTTAAACCCAAAAGTTACCTTCTTTCGCTCTTCCA 
CCAATGGCCAGTACCAGATCTCCTAAGT 


6597 


ACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAGCGAAAGMG 
GTAACI 1 1 1 GGGTTTAAGAAAGGAAAGGATTGAGCTTGAGAGCCAT 
TGI 1 1 1 1 1 1 ICTTACCI 1 1 1 ICTTTTGGTT 


6598 
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Hhenotype, Gene, 

fiMlliiliBISi 

Alteration 


• ; * •• ' JSEQID 

Altering OKgos ' - . J NO: 

i 

i, .,, 




T/^OTTTOTTA A A/^^/^A A 

TCC 1 1 1 CTTAAACCCAA 


ooya 


TTGGGTTTAAGAAAGGA 


6600 


Increased stearate 

stearoyl-ACP 

desaturase 

R/crm/s communis 

Gln29Term 

CAA-TAA 


AA^AAAAAfittTAAfiAAAAAAAACAATRGCTCTCAARCTCAATCCTT 
TCCTTTCTCAAACCTAAAAGTTACCTTCTTTCGCTCTTCCACCMTG 
GCCAGTACCAGATCTCCTAAGTTCTACA 


6601 

www 1 


MGMGGTMCTTTTAGGTTTGAGAAAGGAAAGGATTGAGCTTGAG 
AGCCATTGI 1 1 1 1 1 1 1 CTTACCTTTTTCTT 




/>TA AAA A>/\T A A A A /"»"T"r A 

CTCAAACCTAAAAGTTA 


CCAO 


TAACI 1 1 IAGGTTTGAG 


6604 


Increased stearate 

stearoyl-ACP 

desaturase 

Ricinus communis 

Lys30Term 

AAG-TAG 


AAAAAGGTAAGAAAAAAAACAATGGCTCTCAAGCTCMTCCTTTCC 
TTTCTCAAACCCAATAGTTACCTTCTTTCGCTCTTCCACCAATGGC 
CAGTACCAGATCTCCTAAGTTCTACATGG 


6605 


CCATGTAGAACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAG 
CGAAAGAAGGTAACTATTGGGTTTGAGAAAGGAAAGGATTGAGCT 
TGAGAGCCATTGI 1 1 1 1 1 1 1 CTTACCTTTTT 


6606 


AAAPrrAATAf5TTArPT 


UUU f 


AGGTAACTATTGGGTTT 


6608 


Increased stearate 

stearoyl-ACP 

desaturase 

Ricinus communis 

Lys46Term 

AAG-TAG 


TPTPAAAPPPAAAAftTTAPPTTPTTTPftPTPTTPPAPPAATfiftPPA 

GTACCAGATCTCCTTAGTTCTACATGGCCTCTACCCTCAAGTCTGG 
TTCTAAGGAAGTTGAGAATCTCAAGAAGC 


fifiOQ 


^PTTrTTrtAr!ATTrTrAArTTmTAf?AArrAf?AnTfiAftRf5TAfiA 

GGCCATGTAGAACTAAGGAGATCTGGTACTGGCCATTGGTGGAAG 
AGCGAAAGAAGGTAAC 1 1 1 IGGGTTTGAGA 


UU 1 u 


GATCTCCTTAGTTCTAC 


6611 


GTAGAACTAAGGAGATC 


6612 


Increased stearate 

stearoyl-ACP 

desaturase 

Glycine max 

GInllTerm 

CAA-TAA 


TCTTCTGATTCATTTAATCTTTACrCATCAATGGCTCTGAGACTGAA 
CCCTATCCCCACCTAAACCnCTCCCTCCCCCAAATGGCCAGTCT 
CAGATCTCCCAGGTTCCGCATGGCCTCTA 


6613 


TAGAGGCCATGCGGAACCTGGGAGATCTGAGACTGGCCATTTGG 
GGGAGGGAGMGGTTTAGGTGGGGATAGGGTTCAGTCTCAGAGC 
CATTGATGAGTAAAGATTAAATGAATCAGAAGA 


6614 


TCCCCACCIAAACCTTC 


6615 


GAAGGTTTAGGTGGGGA 


6616 
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Phenotype, Gene, 
: Plant & Targeted 
Alteration 


; - Altering Oligos 


SEQID 

NO: 

- . . 

: . • ^ : 


nioiCdoCvJ oiccJi ale 

stearoyl-ACP 
clesaturase 
Glycine max 
G!n17Term 
CAA-TAA 


\j i II nu I Kjf\ \ OAA I 1 0 1 uAljAw 1 oAMUUl; 1 A 1 ULrw OAO OUAAA 

CCTTCTCCCTCCCCTAAATGGCCAGTCTCAGATCTCCCAGGTTCC 
GGATGGCCTCTACCCTCCGCTCCGGTTCCA 


001 / 


TGGMCCGGAGCGGAGGGTAGAGGCCATGCGGAACCTGGGAGAT 
CTGAGACTGGCCATTTAGGGGAGGGAGAAGGTTTGGGTGGGGAT 
AGGGTTCAGTCTCAGAGCCATTGATGAGTAAAG 


00 1 0 


CCCTCCCCTAAATGGCC 


RR1Q 


GGCCATTTAGGGGAGGG 


RR9A 

OOiU 


Increased stearate 

stearoyl-ACP 

desaturase 

Glycine max 

Arg22Term 

AGA-TGA 


GCTCTGAGACTGAACCCTATCCCCACCCAAACCTTCTCCCTCCCC 
CAAATGGCCAGTCTCTGATCTCCCAGGTTCCGCATGGCCTCTACC 
CTCCGCTCCGGTTCCAAAGAGGTTGAAAATA 


6621 


TATTTTCAACCTCTTTGGAACCGGAGCGGAGGGTAGAGGCCATGC 
GGAACCTGGGAGATCAGAGACTGGCCATTTGGGGGAGGGAGAAG 
GTTTGGGTGGGGATAGGGTTCAGTCTCAGAGC 


6622 


CCAGTCTCTGATCTCCC 


6623 


GGGAGATCAGAGACTGG 


6624 


Increased stearate 

stearoyl-ACP 

desaturase 

Glycine max 

Lys37Term 

AAA-TM 


CAAATGGCCAGTCTCAGATCTCCCAGGTTCCGCATGGCCTCTACC 

v u ii x^x^ xs xs< i v/ i \si wi 1 ■ x^ I vv vrwjw I I v wviv/i I Vail \_J Vy 1 1 riVv 

CTCCGCTCCGGTTCCIAAGAGGTTGAAAATATTAAGAAGCCATTCA 
CTCCTCCCAGAGAAGTGCATGTTCAAGTAA 


6625 


ATTTTCMCCTCTTAGGAACCGGAGCGGAGGGTAGAGGCCATGCG 
GAACCTGGGAGATGTGAGACTGGCCATTTG 


RR9R 
DOZO 


CCGGTTCCTAAGAGGTT 


RR97 

00Z/ 


AACCTCTTAGGAACCGG 


oozo 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Gln11Term 

CAA-TAA 


CAACAAGCACACACAAGAACAACATCAACAATGGCGATTCGCATCA 
ATACGGCGACGTTTTAATCAGACCTGTACCGTTCATTCGCGTTTCC 
TCAACCGAAACCTCTCAGATCTCCCAAAT 


6629 


ATTTGGGAGATCTGAGAGGTTTCGGTTGAGGAAACGCGAATGAAC 
GGTACAGGTCTGATTAAAACGTCGCCGTATTGATGCGMTCGCCA 
TTGTTGATGTTGTTCTTGTGTGTGCTTGTTG 


6630 


CGACGTTTTAATCAGAC 


6631 


GTCTGATTAAAACGTCG 


6632 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Ser12Term 

TCA-TGA 


AAGCACACACAAGMCAACATCAACAATGGCGATTCGCATCAATAC 
GGCGACGTTTCAATGAGACCTGTACCGTTCATTCGCGTTTCCTCAA 
CCGAAACCTCTCAGATCTCCCAAATTCGC 


6633 


GCGAATTTGGGAGATCTGAGAGGTTTCGGTTGAGGAMCGCGAAT 
GAACGGTACAGGTCTCATTGAAACGTCGCCGTATTGATGCGAATC 
GCCATTGTTGATGTTGTTCTTGTGTGTGCTT 


6634 
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< Plant & Targeted 
Alteration 


Altering 01190$ ' | 


MO: 




GTTTCAATGAGACCTGT 


6635 


ACAGGTCTCATTGAAAC 


6636 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Tyr15Term 

TAC-TAG 


AAGAACAACATCAACAATGGCGATTCGCATCAATACGGCGACGTTT 
CAATCAGACCTGTAGCGTTCATTCGCGTTTCCTCAACCGAAACCTC 
TCAGATCTCCCAAATTCGCCATGGCTTCC 


6637 


GGAAGCGATGGCGAATTTGGGAGATCTGAGAGGTTTCGGTTGAGG 

AAACGCGAATGAACGCTACAGGTCTGATTGAAACGTCGCCGTATT 

GATGCGAATCGCCATTGTTGATGTTGTTCTT 


6638 


GACCTGTAGCGTTCATT 


6639 


AATGAACGCTACAGGTC 


6640 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Ser17Term 

TCA-TGA 


CMCATCAACAATGGCGATTCGCATCAATACGGCGACGTTTCAATC 
AGACCTGTACCGTTGATTCGCGTTTCCTCAACCGAAACCTCTCAGA 
TCTCCCAAATTCGCCATGGCTTCCACCAT 


6641 


ATGGTGGAAGCCATGGCGAATTTGGGAGATCTGAGAGGTTTCGGT 
TGAGGAAACGCGAATCAACGGTACAGGTCTGATTGAAACGTCGCC 
GTATTGATGCGAATCGCCATTGTTGATGTTG 


6642 


GTACCGTTGATTCGCGT 


6643 


ACGCGAATCAACGGTAC 


6644 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Arg4Term 

CGA-TGA 


ACACACAACACACACTCAATCACACACACATCATCATCTTCTTCATC 
AACGATGGCGCTTTGAATGAGTCCGGTGACGCTTCAACGGGAGAT 
ATATCCTTCATACACTTTTCATCAATCGA 


6645 


TCGATTGATGAAMGTGTATGAAGGATATATCTCCCGTTGAAGCGT 
CACCGGACTCATTCAAAGCGCCATCGTTGATGAAGAAGATGATGA 
TGTGTGTGTGATTGAGTGTGTGTTGTGTGT 


6646 


TGGCGCTTTGAATGAGT 


6647 


ACTCATTCAAAGCGCCA 


6648 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Gln11Term 

CAA-TAA 


ACACACACATCATCATCTTCTTCATCAACGATGGCGCTTCGMTGA 
GTCCGGTGACGCTTTAACGGGAGATATATCCTTCATACACTTTTCA 
TCAATCGAAAAATCTCAGATCTCCTAAAT 


6649 


Al 1 IAGGAGAICIGAGAI 1 1 1 ICGAI 1 GA 1 GAAAAG 1 G 1 A 1 G MGG 
ATATATCTCCCGTTAAAGCGTCACCGGACTCATTCGAAGCGCCAT 
CGTTGATGAAGAAGATGATGATGTGTGTGT 


6650 


TGACGCTTTAACGGGAG 


6651 


CTCCCGTTAAAGCGTCA 


6652 
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Fhenotyp^ Gene, 
■ Plants Targeted 
' Alteration 


. Altering Oligos 

■I- , , , , ; . _ _ ; 


SEQiD 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Glu13Term 

GAG-TAG 


ACATCATCATCTTCTTCATCAACGATGGCGCTTCGAATGAGTCCGG 
TGACGCTTCAACGGTAGATATATCCTTCATACACTTTTCATCAATCG 
AAAAATCTCAGATCTCCTAAATTCGCGA 


6653 


TCGCGMTnAGGAGATCTGAGATnTTCGATTGATGAAAAGTGTA 
TGAAGGATATATCTACCGTTGAAGCGTCACCGGACTCATTCGAAG 
CGCCATCGTTGATGAAGAAGATGATGATGT 


6654 


TTCAACGGTAGATATAT 


6655 


ATATATCTACCGTTGAA 


6656 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Tyr15Term 

TAT-TAG 


ATCTTCTTCATCAACGATGGCGCTTCGAATGAGTCCGGTGACGCTT 
CAACGGGAGATATAGCCTTCATACACTTTTCATCAATCGAAAAATCT 
CAGATCTCCTAAATTCGCGATGGCTTCC 


6657 


GGAAGCCATCGCGAAnTAGGAGATCTGAGATTTTTCGATTGATGA 

AAAGTGTATGAAGGCTATATCTCCCGTTGAAGCGTCACCGGACTC 

ATTCGAAGCGCCATCGTTGATGAAGAAGAT 


6658 


GAGATATAGCCTTCATA 

w " i^^f i ■ 9 \ i a V^V^ ■ 1 V^l lift 


fifi^Q 


TATGAAGGCTATATCTC 


RRRD 
uoou 


Increased stearate 

stearoyl-ACP 

desaturase 

Linum usitatissimum 

Lys4Term 

AAG-TAG 


AAU 1 CAGCCAGCTTGCCCCCAAACAACAGCGCAGAAAAACCTTCA 
ACAACAATGGCTCTCTAGCTCAACCCAGTCACCACCTTCCCTTCAA 
CACGCTCCCTCAACAACTTCTCCTCCAGAT 


6661 


ATCTGGAGGAGAAGTTGTTGAGGGAGCGTGTTGAAGGGAAGGTG 

GTGACTGGGTTGAGCTAGAGAGCCATTGTTGTTGAAGGTTTTTCTG 

CGCTGTTGTTTGGGGGCAAGCTGGCTGAGTT 


6662 


TGGCTCTCIAGCTCAAC 


6663 


GTTGAGCTAGAGAGCCA 


6664 


Increased stearate 

stearoyl-ACP 

desaturase 

Linum usitatissimum 

Ser13Term 

TCA-TGA 


GCGCAGAAAAACCTTCAACAAnAATRRrTrTrAARrTrAAPPrAf? 

TCACCACCTTCCCTTGAACACGCTCCCTCAACAACTTCTCCTCCAG 

ATCTCCTCGCACCTTTCTCATGGCTGCTTC 


DDDO 


GAAGCAGCCATGAGAAAGGTGCGAGGAGATCTGGAGGAGAAGTT 
GTTGAGGGAGCGTGTTCAAGGGAAGGTGGTGACTGGGTTGAGCT 
TGAGAGCCATTGTTGTTGAAGGTTTTTCTGCGC 


6RR.6 


CnCCCTTGMCACGCT 


6667 


AGCGTGTTCAAGGGAAG 


6668 


Increased stearate 

stearoyl-ACP 

desaturase 

Linum usitatissimum 

Arg23Term 

AGA-TGA 


CTCAAGCTCAACCCAGTCACCACCnCCCnCAACACGCTCCCTC 
AACAACTTCTCCTCCTGATCTCCTCGCACCTTTCTCATGGCTGCTT 
CCACTTTCAATTCCACCTCCACCAAGTAAG 


6669 


CTTACTTGGTGGAGGTGGAATTGAAAGTGGAAGCAGCCATGAGAA 
AGGTGCGAGGAGATCAGGAGGAGAAGTTGTTGAGGGAGCGTGTT 
GMGGGAAGGTGGTGACTGGGTTGAGCTTGAG 


6670 
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Alteration 




seqid: 




TCTCCTCCTGATCTCCT 


6671 


AGGAGATCAGGAGGAGA 


6672 


Increased stearate 

stearoyl-ACP 

desaturase 

Linum usitatissimum 

Lys41Term 

AAG-TAG 


TCCTCCAGATCTCCTCGCACCTTTCTCATGGCTGCTTCCACTTTCA 
ATTCCACCTCCACCTAGTAAGCATCTCCTCCTCCTCGGAATCTCCG 
CCGATTTCTTTTAAGCGATTGATCGTAGA 


6673 


TCTACGATCAATCGCTTAAAAGAAATCGGCGGAGATTCCGAGGAG 

GAGGAGATGCTTACTAGGTGGAGGTGGAATTGAAAGTGGAAGCAG 

CCATGAGAAAGGTGCGAGGAGATCTGGAGGA 


6674 


CCTCCACCJAGTAAGCA 


6675 


TGCTTACTAGGTGGAGG 


6676 


Increased stearate 

stearoyl-ACP 

desaturase 

Olea europaea 

Arg21Term 

AGA-TGA 


ATGGCACTGAMCTTTGCTTTCCACCCCACAAGATGCCTTCCTTCC 
CCGATGCTCGTATCTGATCTCACAGGGTTTTCATGGCTTCAACTAT 
TCATTCTCCTTCTATGGAGGTCGGAAAAG 


6677 


CTTTTCCGACCTCCATAGAAGGAGAATGAATAGTTGAAGCCATGAA 
AACCCTGTGAGATCAGATACGAGCATCGGGGAAGGAAGGCATCTT 
GTGGGGTGGAAAGCAAAGTTTCAGTGCCAT 


6678 


CTCGTATCIGATCTCAC 


6679 


GTGAGATCAGATACGAG 


6680 


Increased stearate 

stearoyl-ACP 

desaturase 

Olea europaea 

Ser29Term 

TCA-TGA 


CCCACAAGATGCCTTCCTTCCCCGATGCTCGTATCAGATCTCACA 
GGGI 1 1 ICATGGCTTGAACTATTCATTCTCCTTCTATGGAGGTCGG 
AAAAGTTAAAAAGCCTTTCACGCCTCCACG 


6681 


cgtggaggcgtgamggctttttaacttttccgacctccatagaag 
gagaatgaatagttcaagccatgaaAaccctgtgagatctgatacg 
agcatcggggaaggaaggcatcttgtggg 


6682 


CATGGCTTGAACTATTC 


6683 


GAATAGTTCAAGCCATG 


6684 


Increased stearate 

stearoyl-ACP 

desaturase 

Olea europaea 

Glu37Term 

GAG-TAG 


GAIGCICGIAICAGAICICACAGGGI 1 1 ICAIGGCI ICAACIAI IC 
ATTCTCCTTCTATGTAGGTCGGAAAAGTTAAAAAGCCTTTCACGCC 
TCCACGAGAGGTACATGTTCAAGTAACCC 


6685 


GGGI IACI 1 GAACA 1 G 1 ACC 1 C 1 CG 1 GGAGGCG 1 GAAAUGC 1 1 1 1 1 
AACTTTTCCGACCTACATAGAAGGAGAATGAATAGTTGAAGCCATG 
AAAACCCTGTGAGATCTGATACGAGCATC 


6686 


CTTCTATGIAGGTCGGA 


6687 


TCCGACCTACATAGAAG 


6688 
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\ Phenotype, Gene, 
: Plant & Targeted 
Alteration : 


Altering Oligos 

...... r . . ^ 


SEQW 
NO: 


Increased stearate 

stearoyl-ACP 

desaturase 

0/ea europaea 

Gly39Term 

GGA-TGA 


CGTATCAGATCTCACAGGGTTTTCATGGCTTCAACTATTCATTCTC 

CTTCTATGGAGGTCTGAAAAGTTAAAAAGCCTTTCACGCCTCCACG 

AGAGGTACATGTTCAAGTAACCCATTCCT 


6689 


AGGAATGGGTTACTTGAAnATRTAnnTrTrRTRRARrjrRTfiAAAft 
GCTTTTTAACTTTTCAGACCTCCATAGAAGGAGAATGAATAGTTGA 
AGCCATGAAAACCCTGTGAGATCTGATACG 


ooyu 


TGGAGGTCTGAAAAGTT 


RRQ1 


AACTTTTCAfiACCTrrA 

nnw fill \-/£AVJr\v/ V-/ 1 V^Vyrt 


RRQ9 


Increased stearate 

stearoyl-ACP 

desaturase 

Persea americana 

Lys4Term 

AAA-TAA 


1 1 CI CGI 1 1 1 IGICGICCCCTCTGCTCTCTCTCTCTATCAGGCACG 
GAGAAATGGCACTGTAACTCAGTCCAGTCATGTTTCAATCTCAGAA 
GCTTCCATTTCTTGCCTCCTATCCGCCTT 


6693 


AAGGCGGATAGGAGGCAAGAAATGGAAGCTTCTGAGATTGAAACA 
TGACTGGAeTGAGTTACAGTGCCATTTCTCCGTGCCTGATAGAGA 
GAGAGAGCAGAGGGGACGACAAAAACGAGAA 


6694 


TGGCACTGIAACTCAGT 


6695 


ACTGAGTTACAGTGCCA 


6696 


UlUcdbcU SlcdldLc 

stearoyl-ACP 
desaturase 
Persea americana 
Gln11Term 
CAA-TAA 


U 1 ILIOiUlulOlAI LAouUAuobAoAAA 1 ooLAO I oAAACTC 

AGTCCAGTCATGTTTTAATCTCAGAAGCnCCATTTCnGCCTCCTA 

TCCGCCTTCCAATCTCAGATCTCCGAGGG 


6697 


COnTnttfW^ATnTftAftATTfVSAAfiftr^ 

GGAAGCTTCTGAGATTAAAACATGACTGGACTGAGTTTCAGTGCCA 
TTTCTCCGTGCCTGATAGAGAGAGAGAGCAG 


RRGQ 

ooyo 


TCATG 1 1 1 lAATPTPAC! 

1 vr\ 1 V? Ill 1 nn 1 w 1 wr\VJ 


ooyy 


CTGAGATTAAAACATRA 


0/ uu 


Increased stearate 

stearoyl-ACP 

desaturase 

Persea americana 

GIn13Term 

CAG-TAG 


TCTCTCTCTATCAGGCACGGAGAAATGGCACTGAAACTCAGTCCA 
GTCATGTTTCAATCTTAGAAGCTTCCATTTCTrGCCTCCTATCCGC 
CTTC'CAATCTCAGATCTCCGAGGGTTTTCA 


6701 


TGAAAACCCTCGGAGATCTGAGATTGGAAGGCGGATAGGAGGCAA 
GAAATGGAAGCTTCTAAGATTGAAACATGACTGGACTGAGTTTCAG 
TGCCATTTCTCCGTGCCTGATAGAGAGAGA 


6702 


TTCAATCTTAGAAGCTT 


6703 


AAGCTTCTAAGATTGAA 


6704 


Increased stearate 

stearoyl-ACP 

desaturase 

Persea americana 

Lys14Term 

AAG-TAG 


CTCTCTATCAGGCACGGAGAAATGGCACTGAAACTCAGTCCAGTC 
ATGTTTCAATCTCAGTAGCTTCCATTTCTTGCCTCCTATCCGCCTTC 
CAATCTCAGATCTCCGAGGGI ITTCATGG 


6705 


CCATGAAAACCCTCGGAGATCTGAGATTGGAAGGCGGATAGGAGG 
CAAGAAATGGAAGCTACTGAGATTGAAACATGACTGGACTGAGTTT 
CAGTGCCA7TTCTCCGTGCCTGATAGAGAG 


6706 
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Phenotype r Gene, 
Plant * Targeted , 
Alteration 


■ 

Altering OSigos 


SEQID 

• 

HO; 




MTCTCAGIAGCTTCCA 


6707 


TGGAAGCTACTGAGATT 


6708 


Increased stearate 

stearoyl-ACP 

desaturase 

Oryza sativa 

Tyr12Term 

TAC-TAG 


CCCCGAGATCTCGCTGCCGCTGCTCATGGCG I 1 CGCGGCGTCCC 
ACACCGCATCGCCGTAGTCCTGCGGCGGCGTGGCGCAGAGGAG 
GAGCAATGGGATGTCGAAGATGGTGGCCATGGCC 


6709 


GGCCATGGCCACCATCTTCGACATCCCATTGCTCCTCCTCTGCGC 
CACGCCGCCGCAGGACTACGGCGATGCGGTGTGGGACGCCGCG 
AACGCCATGAGCAGCGGCAGCGAGATCTCGGGG 


6710 


TCGCCGTAGTCCTGCGG 


6711 ; 


CCGCAGGACTACGGCGA 


6712 


Increased stearate 

stearoyl-ACP 

desaturase 

Oryza sativa 

Gln19Term 

CAG-TAG 


CTGCTCATGGCGTTCGCGGCGTCCCACACCGCATCGCCGTACTC 

CTGCGGCGGCGTGGCGTAGAGGAGGAGCAATGGGATGTCGAAGA 

TGGTGGCCATGGCCTCCACCATCAACAGGGTCA 


6713 


TGACCCTGTTGATGGTGGAGGCCATGGCCACCATCTTCGACATCC 
CATTGCTCCTCCTCTACGCCACGCCGCCGCAGGAGTACGGCGAT 
GCGGTGTGGGACGCCGCGAACGCCATGAGCAG 


6714 


GCGTGGCGIAGAGGAGG 


6715 


CCTCCTCTACGCCACGC 


6716 


Increased stearate 

stearoyl-ACP 

desaturase 

Oryza sativa 

Ser26Term 

TCG-TAG 


CCCACACCGCATCGCCGTACTCCTGCGGCGGCGTGGCGCAGAG 
GAGGAGCAATGGGATGTAGAAGATGGTGGCCATGGCCTCCACCA 
TCAACAGGGTCAAGACTGCTAAGMGCCCTACAC 


6717 


GTGTAGGGCTTCTTAGCAGTCTTGACCCTGTTGATGGTGGAGGCC 
ATGGCCACCATCTTCTACATCCCATTGCTCCTCCTCTGCGCCACG 
CCGCCGCAGGAGTACGGCGATGCGGTGTGGG 


6718 


TGGGATGTAGMGATGG 


6719 


CCATCnCIACATCCCA 


6720 


Increased stearate 

stearoyl-ACP 

desaturase 

Oryza sativa 

Lys27Term 

AAG-TAG 


CACACCGCATCGCCGTACTCCTGCGGCGGCGTGGCGCAGAGGAG 
GAGCAATGGGATGTCGIAGATGGTGGCCATGGCCTCCACCATCAA 
CAGGGTCAAGACTGCTAAGMGCCCTACACTC 


6721 


GAGTGTAGGGCTTCTTAGCAGTCTTGACCCTGTTGATGGTGGAGG 
CCATGGCCACCATCTACGACATCCCATTGCTCCTCCTCTGCGCCA 
CGCCGCCGCAGGAGTACGGCGATGCGGTGTG 


6722 


GGATGTCGIAGATGGTG 


6723 


CACCATCTACGACATCC 


6724 
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Increased stearate 
stearoyl-ACP 
desaturase 

Simmondsia chinensis 

Leu3Term 

TTG-TAG 



I C I C rCTCTAGGUGAGCGGTTACCAACAGAAGCACTTAGGAGA 
GAGAAGCMTGGCGTAGAAGCTTCACCACACGGCCTTCMTCCTT 
CCATGGCGGTTACCTCTTCGGGACTTCCTCG 



CGAGGAAGTCCCGAAGAGGTAACCGCCATGGAAGGATTGAAGGC 
CGTGTGGTGAAGCTTCTACGCCATTGCTTCTCTCTCCTAAGTGCTT 
CTGTTGGTAACCGCTCAACCTAGAGAGAGAA 



AATGGCGTAGAAGCTTC 



GAAGCTTCTACGCCATT 



Increased stearate 

stearoyl-ACP 

desaturase 

Simmondsia chinensis 

Lys4Term 

AAG-TAG 



CTCTCTCTAGGTTGAGCGGTTACCAACAGMGCACTTAGGAGAGA 
GAAGCAATGGCGTTGIAGCTTCACCACACGGCCTTCAATCCTTCC 
ATGGCGGTTACCTCTTCGGGACTTCCTCGAT 



ATCGAGGAAGTCCCGAAGAGGTAACCGCCATGGAAGGATTGAAG 
GCCGTGTGGTGAAGCTACAACGCCATTGCTTCTCTCTCCTAAGTG 
CTTCTGTTGGTAACCGCTCAACCTAGAGAGAG . 



TGGCGTTGTAGCTTCAC 



GTGAAGCTACAACGCCA 



Increased stearate 

stearoyl-ACP 

desaturase 

Simmondsia chinensis 

Ser19Term 

TCG-TAG 



AAGCMTGGCGTTGAAGCTTCACCACACGGCCTTCAATCCTTCCAT 

GGCGGTTACCTCTTAGGGACTTCCTCGATCGTATCACCTCAGATC 

TCACCGCGTTTTCATGGCTTCTTCTACAAT 



ATTGTAGAAGAAGCCATGAAAACGCGGTGAGATCTGAGGTGATAC 

GATCGAGGAAGTCCCTAAGAGGTAACCGCCATGGAAGGATTGAAG 

GCCGTGTGGTGAAGCTTCAACGCCATTGCTT 



TACCTCTTAGGGACTTC 



GAAGTCCCTAAGAGGTA 



Increased stearate 

stearoyl-ACP 

desaturase 

Simmondsia chinensis 

Gly20Term 

GGA-TGA 



GCAATGGCGTTGAAGCTTCACCACACGGCCTTCAATCCTTCCATG 

GCGGTTACCTCTTCGIGACTTCCTCGATCGTATCACCTCAGATCTC 

ACCGCGTTTTCATGGCTTCTTCTACAATTG 



CAATTGTAGAAGAAGCCATGAAAACGCGGTGAGATCTGAGGTGAT 

ACGATCGAGGAAGTCACGAAGAGGTAACCGCCATGGAAGGATTGA 

AGGCCGTGTGGTGAAGCTTCAACGCCATTGC 



CCTCTTCGTGACTTCCT 



AGGAAGTCACGAAGAGG 



increased stearate 

stearoyl-ACP 

desaturase 

Spinacia oleracea 

Ser21Term 

TCA-TGA 



TGGCTCTGAA1 C rCAACCCCGTTTCCACACCATTTCAGTGTCGTCG 
ATTGCCGTCTTTCTGACCTCGTCAAACGCCTTCTCGCAGATCTCCC 
AAATTCTTCATGGCTTCCACTCTCAGCAG 



CTGCTGAGAGTGGAAGCCATGAAGAATTTGGGAGATCTGCGAGAA 
GGCGTTTGACGAGGTCAGAMGACGGCAATCGACGACACTGAMT 
GGTGTGGAAACGGGGTTGAGATTCAGAGCCA 



WO 01/92512 



-187- 



PCT/US01/17672 





- * • Altering Oliqos * . 

•:. ... ' . ■ • • - . . . ,:. • ■ . ■ 


mm 

NO:;; 

iillii 




GTCTTTCTGACCTCGTC 


6743 


GACGAGGTCAGAAAGAC 


6744 


Increased stearate 

stearoyl-ACP 

desaturase 

Spinacia oleracea 

Gln24Term 

CAA-TAA 


AATCTCAACCCCGTTTCCACACCATTTCAGTGTCGTCGATTGCCGT 

CTTTCTCACCTCGTTAAACGCCTTCTCGCAGATCTCCCAAATTCTT 

CATGGCTTCCACTCTCAGCAGCTCTTCTC 


6745 


GAGAAGAGCTGCTGAGAGTGGAAGCCATGAAGAATTTGGGAGATC 

TGCGAGAAGGCGTTTAACGAGGTGAGAAAGACGGCAATCGACGA 

CACTGAAATGGTGTGGAAACGGGGTTGAGATT 


6746 


CACCTCGTTAAACGCCT 


6747 


AGGCGTTTAACGAGGTG 


6748 


Increased stearate 

stearoyl-ACP 

desaturase 

Spinacia oleracea 

Arg29Term 

AGA-TGA 


TCCACACCATTTCAGTGTCGTCGATTGCCGTCTTTCTCACCTCGTC 
AAACGCCTTCTCGCTGATCTCCCAAATTCTTCATGGCTTCCACTCT 
CAGCAGCTCTTCTCCTAAGGMGCGGAAA 


6749 


TTTCCGCTTCCTTAGGAGAAGAGCTGCTGAGAGTGGAAGCCATGA 
AGAATTTGGGAGATCAGCGAGAAGGCGTTTGACGAGGTGAGAAAG 
ACGGCAATCGACGACACTGAAATGGTGTGGA 


6750 


CTTCTCGCTGATCTCCC 


6751 


GGGAGATCAGCGAGAAG 


6752 


Increased stearate 

stearoyl-ACP 

desaturase 

Spinacia oleracea 

Lys32Term 

AAA-TAA 


TTTCAGTGTCGTCGATTGCCGTCTTTCTCACCTCGTCAAACGCCTT 
CTCGCAGATCTCCCTAATTCTTCATGGCTTCCACTCTCAGCAGCTC 
TTCTCCTAAGGAAGCGGAAAGCCTGAAGA 


6753 


TCTTCAGGCTTTCCGCTTCCTTAGGAGAAGAGCTGCTGAGAGTGG 
AAGCCATGAAGAATTAGGGAGATCTGCGAGAAGGCGTTTGACGAG 
GTGAGAAAGACGGCAATCGACGACACTGAAA 


6754 


GATCTCCCIAATTCTTC 


6755 


GAAGAATTAGGGAGATC 


6756 


Increased stearate 

stearoyl-ACP 

desaturase 

Solanum tuberosum 

LeulOTerm 

TTA-TGA 


AMTAGTCGAGGTGAAAMCAGAGCATCAACAATGGCACTGAATAT 
CAATGGGGTGTCGTGAAAATCTCACAAAATGTTACCATTTCCTTGT 
TCTTCAGCCAGATCTGAGCGAG 1 1 1 1 CAT 


6757 


ATGAAAACTCGCTCAGATCTGGCTGAAGAACAAGGAAATGGTAACA 
TTTTGTGAGATTTTCACGACACCCCATTGATATTCAGTGCCATTGTT 
GATGCTCTG 1 1 1 1 ICACCTCGACTATTT. 


6758 


GGTGTCGTGAAAATCTC 


6759 


GAGATTTTCACGACACC 


6760 
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Phenotype, Gene, 
Plants Targeted ; 
Alteration 


-• - • 

■ 


• 
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Altering Oligos 


• 


iiiii 

NO; 

■ 


IllUtwCldwVJ oicaicuc 

stearoyl-ACP 
desaturase 
Solanum tuberosum 
Lys11Tenm 
AAA-TAA 


ATA ^TPP A POT/"* A AAA A^APAPOATPA */\A ATP^APTPA ATATPA 

ATAGTCGAGGTGAAAMCAGAGCATCAACMTGGCACTGMTATCA 
ATGGGGTGTCGTTATMTCTCACAAAATGTTACCATTTCCTTGTTCT 
TCAGCCAGATCTGAGCGAGTTTTCATGG 


6761 


OO A TO A A A A ATO/N^T^ A /"> ATAT^O/>T/% A A /"> A A /"> A A AAA T"/""\/">"^ A 

CCATGAAAACTCGCTCAGATCTGGCTGAAGAACAAGGAAATGGTA 
ACATnTGTGAGATTATAACGACACCCCATTGATATTCAGTGCCATT 
GTTGATGCTCTGI 1 1 1 1 CACCTCGACTAT 


6762 

\J 1 Ufa 


TGTCGTTAIAATCTCAC 




GTGAGATTATAACGACA 


6764 


Increased stearate 

stearoyl-ACP 

desaturase 

Solanum tuberosum 

Lys14Term 

AAA-TAA 


GTGAAAAACAGAGCATCAACAATGGCACTGAATATCAATGGGGTGT 
CGTTAAAATCTCACTAAATGTTACCATTTCCTTGTTCTTCAGCCAGA 
TCTGAGCGAG 1 1 1 1 CATGGCTTCAACCA 


6765 


TGGTTGAAGCCATGAAAACTCGCTCAGATCTGGCTGAAGAACAAG 
GAAATGGTAACATTTAGTGAGAI 1 1 1 AACGACACCCCATTGATATTC 
AGTGCCATTGTTGATGCTCTG 1 1 1 1 ICAC 


6766 


AATCTCACTAAATGTTA 


6767 


TAACAT1 


fTAGTGAGATT 




6768 


Increased stearate 

stearoyl-ACP 

desaturase 

Solanum tuberosum 

Leu16Term 

TTA-TGA 


ACAGAGCATCAACAATGGCACTGAATATCAATGGGGTGTCGTTAAA 
ATCTCACAAAATGTGACCATTTCCTTGTTCTTCAGCCAGATCTGAG 
CGAGI 1 1 ICATGGCTTCAACCATTCATCG 


6769 


CGATGAATGGTTGAAGCCATGAAAACTCGCTCAGATCTGGCTGAA 
GMCMGGAAATGGTCACATTTTGTGAGATTTTAACGACACCCCAT 
TGATATTCAGTGCCATTGTTGATGCTCTGT 


6770 


CAAAATGTGACCATTTC 


6771 


GAAAIGGICACAI 1 1 IG 


6772 


Increased stearate 

stearoyl-ACP 

desaturase 

Arachis hypogaea 

Ser21Term 

TCA-TGA 


TGGCTCTGAGGCTGAACCCTAACCCTTCACAGAAGCTCTTTCTCTC 

TCCTTCTTCATCATGATCTTCTTCTTCTTCATCGTTCTCGCTTCCTC 

AAATGGCTAGCCTCAGATCTCCAAGGTT 


6773 


AACCTTGGAGATCTGAGGCTAGCCATTTGAGGAAGCGAGAACGAT 
GAAGAAGAAGAAGATCATGATGAAGAAGGAGAGAGAAAGAGCTTC 
TGTGAAGGGTTAGGGTTCAGCCTCAGAGCCA 


6774 


TTCATCATGATCTTCTT 


6775 


AAGAAGATCATGATGAA 


6776 


Increased stearate 

stearoyl-ACP 

desaturase 

Arachis hypogaea 

Ser26Term 

TCA-TGA 


ACCCTAACCCTTCACAGAAGCTCTTTCTCTCTCCTTCTTCATCATCA 

TCTTCTTCTTCTTGATCGTTCTCGCTTCCTCAAATGGCTAGCCTCA 

GATCTCCAAGGTTCCGCATGGCCTCCAC 


6777 


GTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCTAGCCATTTGA 
GGAAGCGAGAACGATCAAGAAGAAGMGATGATGATGAAGMGGA 
GAGAGAAAGAGCTTCTGTGAAGGGTTAGGGT 


6778 
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Pfienotype, Gene, 
Plant& Targeted 


: 

. , Altering O)jgo$ . 


SEQID 
NO: 




TTCTTCTTGATCGTTCT 


6779 


AGAACGATCAAGMGAA 


6780 


Increased stearate 

stearoyl-ACP 

desaturase 

Arachis hypogaea 

Ser27Term 

TCG-TAG 


CTAACCCTTCACAGAAGCTCTTTCTCTCTCCTTCTTCATCATCATCT 

TCTTCTTCTTCATAGTTCTCGC7TCCTCAMTGGCTAGCCTCAGAT 

CTCCAAGGTTCCGCATGGCCTCCACCCT 


6781 


AGGGTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCTAGCCAT 
TTGAGGAAGCGAGAACTATGAAGAAGAAGAAGATGATGATGMGA 
AGGAGAGAGAAAGAGCTTCTGTGAAGGGTTAG 


6782 


TTCTTCATAGTTCTCGC 


6783 


GCGAGAACTATGAAGAA 


6784 


Increased stearate 

stearoyl-ACP 

desaturase 

Arachis hypogaea 

Ser29Term 

TCG-TAG 


CTTCACAGAAGCTCTTTCTCTCTCCTTCTTCATCATCATCTTCTTCT 
TCTTCATCGTTCTAGCTTCCTCAAATGGCTAGCCTCAGATCTCCAA 
GGTTCCGCATGGCCTCCACCCTCCGCAC 


6785 


GTGCGGAGGGTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCT 
AGCCATTTGAGGAAGCTAGMCGATGAAGAAGAAGAAGATGATGA 
TGAAGAAGGAGAGAGAAAGAGCTTCTGTGAAG 


6786 


ATCGTTCTAGCTTCCTC 


6787 


GAGGAAGCIAGAACGAT 


6788 


Increased stearate 

stearoyl-ACP 

desaturase 

Gossypium hirsutum 

Leu3Term 

TTG-TAG 


AAAGTTAAAAGCCGTCCAAMCCCAAACCAGGAAAGGCAMCGAA 
AAGAAAAAATGGCTTAGAA 1 1 1 1 AATGCCATCGCCTCGAAATCTCA 
GAAGCTCCCTTGCTTTGCTCTTCCACCAAA 


6789 


TTTGGTGGAAGAGCAAAGCAAGGGAGCTTCTGAGATTTCGAGGCG 
ATGGCATTAAMTTCIMGCCATTTTTTCTTTTCGTTTGCCTTTCCT 
GGTTTGGGI 1 1 1 GGACGGCTTTTAACTTT 


6790 


AATGGCTTAGAATTTTA 


6791 


TAAMTTCTAAGCCATT 


6792 


Increased stearate 

stearoyl-ACP 

desaturase 

Gossypium hirsutum 

Ser1-Term 

TCG-TAG 


CCCAAACCAGGAAAGGCAAACGAAAAGAAAAAATGGCTTTGAATTT 
TAATGCCATCGCCTAGAAATCTCAGAAGCTCCCTTGCTTTGCTCTT 
CCACCAAAGGCCACCCTTAGATCTCCCAA 


6793 


TTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAAAGCAAGG 
GAGCTTCTGAGATTTCTAGGCGATGGCATTAAAATTCAAAGCCATT 
TTTTCTTTTCGTTTGCCTTTCCTGGTTTGGG 


6794 


CATCGCCTAGAMTCTC 


6795 


GAGATTTCTAGGCGATG 


6796 
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SEQID 
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Increased stearate 

stearoyl-ACP 

desaturase 

Gossypium hirsutum 

Lys11Term 

AAA-TAA 


CAAACCAGGAAAGGCAAACGAAAAGAAAAAATGGCTTTGAATTTTA 
ATGCCATCGCCTCGTAATCTCAGAAGCTCCCTTGCTTTGCTCTTCC 
ACCAAAGGCCACCCTTAGATCTCCCAAGT 


6797 


ACTTGGGAGATCTMGGGTGGCCTTTGGTGGAAGAGCAAAGCAAG 
GGAGCTTCTGAGATTACGAGGCGATGGCATTAAAATTCAAAGCCA 
1 1 1 1 1 1 CTTTTCGTTTGCCTTTCCTGGTTTG 


6798 


TCGCCTCGIAATCTCAG 


6799 


CTGAGATTACGAGGCGA 


6800 


Increased stearate 

stearoyl-ACP 

desaturase 

Gossypium hirsutum 

Gln13Term 

CAG-TAG 


AGGAMGGCAMCGAAMGAAAAAATGGCTTTGMTTTTAATGCCA 
TCGCCTCGAAATCTTAGAAGCTCCCTTGCTTTGCTCTTCCACCAAA 
GGCCACCCTTAGATCTCCCAAGTTTTCCA 


6801 


TGGAAAACTTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAA 
AGCAAGGGAGCTTCTAAGATTTCGAGGCGATGGCATTAAAATTCAA 
AGCCAI 1 1 1 1 1 C 1 1 1 1 CGTTTGCCTTTCCT 


6802 


CGAAATCTTAGAAGCTC 


6803 


GAGCTTCTAAGATTTCG 


6804 



WO 01/92512 



-191- 



PCT/US01/17672 



Table 24 

Oligonucleotides to produce plants with reduced linolenic acid 



■ Pheriotvoe (Sene, 
Plant & Targeted 
Alteration 


Altering Oligos 


SEQID 

NO: 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis thaliana 
Ser4Term 
TCG-TAG 


AATAGMCGACAGAGACNTI ICCICI 1 1 ICI ICI IGGGAAGAGGC 
TCCAATGGCGAGCTAGGTTTTATCAGAATGTGGTTTTAGACCTCTC 
CCCAGATTCTACCCTAAACACACMCCTC 


6805 


GAGGTTGTGTGTTTAGGGTAGMTCTGGGGAGAGGTCTAAAACCA 
CATTCTGATAAAACCTAGCTCGCCATTGGAGCCTCTTCCCAAGAAG 
AAMGAGGAAAAAGTCTCTGTCGTTCTATT 


6806 


GGCGAGCTTGGTTTTAT 


6807 


ATAAAACCAAGCTCGCC 


6808 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis thaliana 
Leu6Term 
TTA-TGA 


AubALAbAbAbTTT M00lbMM(_.M0M bbbAAbAbbu 1 ObAA 1 
GGCGAGCTCGGTTTGATCAGAATGTGG 1 1 1 IAGACCTCTCCCCAG 
ATTCTACCCTAAACACACAACCTC 1 1 1 IGC 


ooi/y 


bl/AAAAbAbbl Iblblbl 1 lAbbblAbAAIOIbbbbAbAbblOIA 

AAACCACATTCTGATCAAACCGAGCTCGCCATTGGAGCCTCTTCC 
CMGAAGAAAAGAGGAAAAAGTCTCTGTCGT 


00 IU 


CTCGGTTTGATCAGAAT 


6811 


ATTCTGATCAAACCGAG 


6812 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis thaliana 
Ser7Term 
TCA-TGA 


APAGAGAP 1 1 1 1 1 PPTPTTTTPTTPTTGGGAAGAGGCTCCAATGGC 
GAGCTCGGI 1 1 1 ATGAGAATGTGGTTTTAGACCTCTCCCCAGATTC 
TACCCTAAACACACAACCTC 1 1 1 IGCCTC 


6813 


RARRPAAAARAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAGGT 
CTAAAACCACATTCTCATAAAACCGAGCTCGCCATTGGAGCCTCTT 
CCCAAGAAGAAAAGAGGAAAAAGTCTCTGT 


6814 


/■»/*« 1 1 1 1 AT/* AO A ATr>Tr* 

bbl 1 1 lAlbAbAAIblb 


00 1 0 


CACATTCTCATAAAACC 


6816 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis thaliana 
Glu8Term 
GAA-TAA 


AGAGAC UN ICCICI 1 1 ICI ICI 1 GGGAAGAGGC 1 CCAA I'GGCGA 
GCTCGGTTTTATCATAATGTGG 1 1 1 1 AGACCTCTCCCCAGATTCTA 
CCCTAAACACACAACCTCTTTTGCCTCTA 


6817 


TAGAGGCAAAAGAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAG 
GTCTAAAACCACATTATGATAAAACCGAGCTCGCCATTGGAGCCTC 
TTCCCAAGAAGAAAAGAGGAAAAAGTCTCT 


6818 


IIIIAICAIAAIGIGGT 


6819 


ACCACATTATGATAAAA 


6820 
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Plant & Targeted 

• Alteration;-. | 


. • Altering Qjigos > — f ^ 


SEG D 
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Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassies juncea 
Leu4Term 
TTG-TAG 


TCATCArGnCTTCTTCTGGGGAGAGAGAGAGAGCAAAAGAGCTCT 

AGCAATGGCGAACTAGGTCTTATCCGAATGTGGCATAAGACCTCT 

CCCCAGAATCTACACCACACCCAGATCCAC 


6821 


GTGGATCTGGGTGTGGTGTAGATTCTGGGGAGAGGTCTTATGCCA 
CATTCGGATAAGACCTAGTTCGCCATTGCTAGAGCTCTTTTGCTCT 
CTCTCTCTCCCCAGAAGAAGAAGATGATGA 


6822 


GGCGAACTAGGTCTTAT 


6823 


ATAAGACCIAGTTCGCC 


6824 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassica juncea 
Leu6Term 

TTA-TGA ! 


TCTTCTTCTTCTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAA 
TGGCGAACTTGGTCTGATCCGAATGTGGCATAAGACCTCTCCCCA 
GAATCTACACCACACCCAGATCCACTTTCCT 


6825 


AGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGGGAGAGGTCTT 
ATGCCACATTCGGATCAGACCAAGTTCGCCATTGCTAGAGCTCTTT 
TGCTCTCTCTCTCTCCCCAGAAGAAGAAGA 


6826 


CTTGGTCTGATCCGAAT 


6827 


ATTCGGATCAGACCAAG 


6828 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassica juncea 
Glu8Term 
GAA-TAA 


TTCTTCTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAATGGCG 
AACTTGGTCTTATCCTAATGTGGCATAAGACCTCTCCCCAGAATCT 
ACACCACACCCAGATCCACTTTCCTCTCCA 


6829 


TGGAGAGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGGGAGA 

GGTCTTATGCCACATTAGGATAAGACCAAGTTCGCCATTGCTAGAG 

CTCTTTTGCTCTCTCTCTCTCCCCAGAAGAA 


6830 


TCTTATCCTAATGTGGC 


6831 


GCCACATTAGGATAAGA 


6832 


Reduced linolenic acid 

omega-3 fatty acid 

desaturase 

Brassicajuncea 

Cys9Term 

TGT-TGA 


CTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAATGGCGAACTT 

GGTCTTATCCGAATGAGGCATAAGACCTCTCCCCAGAATCTACAC 

CACACCCAGATCCACTTTCCTCTCCAACACC 


6833 


GGTGTTGGAGAGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGG 
GAGAGGTCTTATGCCTCATTCGGATAAGACCAAGTTCGCCATTGCT 
AGAGCTCI 1 1 IGCTCTCTCTCTCTCCCCAG 


6834 


TCCGAATGAGGCATAAG 


6835 


CTTATGCCTCATTCGGA 


6836 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Ricinus communis 
TrpSTerm 
TGG-TGA 


ATAACAGAATTGCTGAATTCTTGCA 1 1 1 1 IAGCI ICIGGGI 1 1 ICAA 
TGGCTGCTGGTTGAGTATTATCAGAATGTGGTTTAAGGCCTCTCCC 
AAGAATCTACTCACGACCCAGAATTGGT 


6837 


ACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAGGCCTTAAACC 
ACATTCTGATAATACTCAACCAGCAGCCATTGAAAACCCAGAAGCT 
AAAAATGCAAGAATTCAGCAATTCTGTTAT 


6838 



WO 01/92512 



-193- 



PCT/US01/17672 



Pnenotype, Gene, 
Plant & Targeted 
; Alteration "■■ 
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SEQiD 

, NO;- 




GCTGGTTGAGTATTATC 


6839 


GATAATACICAACCAGC 


6840 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Ricinus communis 
Leu7Term 
TTA-TGA 


AGAAI IGCIGAAI ICI IGCAI 1 1 1 IAGCI ICTGGGTTTTCAATGGCT 
GCTGGTTGGGTATGATCAGAATGTGGTTTAAGGCCTCTCCCAAGA 
ATCTACTCACGACCCAGAATTGG 1 1 1 IAC 


6841 


GTAAAACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAGGCCTT 

AAACCACATTCTGATCATACCCAACCAGCAGCCATTGAAAACCCAG 

AAGCTAAAAATGCAAGAATTCAGCAATTCT 


6842 


TTGGGTATGATCAGAAT 


6843 


ATTCTGATCATACCCAA 


i 6844 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Ricinus communis 
Ser8Term 
TCA-TGA 


Al IGCIGAAI ICI IGCAI 1 1 1 IAGCI ICIGGGI 1 1 1 CAATGGCTGCT 
GGTTGGGTATTATGAGMTGTGGTTTAAGGCCTCTCCCAAGAATCT 
ACTCACGACCCAGAATTGG 1 1 1 IACATC 


6845 


GATGTAAAACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAGGC 
CTTAAACCACATTCTCATAATACCCAACCAGCAGCCATTGAAAACC 
CAGAAGCTAAAAATGCAAGAATTCAGCAAT 


6846 ! 


GGTATTATGAGAATGTG 


6847 


CACATTCTCATAATACC 


6846 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Ricinus communis 
Glu9Term 
GM-TAA 


IGCIGAAI ICI IGCAI 1 1 1 IAGCI ICIGGGI 1 1 ICAAIGGCIGCIG 
GTTGGGTATTATCATAATGTGGTTTMGGCCTCTCCCAAGAATCTA 
CTCACGACCCAGMTTGG 1 1 1 IACATCGA 


6849 


TCGATGTAAMCCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAG 

GCCTTAAACCACATTATGATAATACCCAACCAGCAGCCATTGAAAA 

CCCAGAAGCTAAAAATGCAAGAATTCAGCA 


6850 


TATTATCATAATGTGGT 


6851 


ACCACATTATGATAATA 


6852 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Nicotiana tabacum 
Arg22Term 
AGA-TGA 


GCAAGI IGGGI 1 1 1 A 1 CAGAA 1 G rGGTCTTAGACCACTCCCAAGAA 
TCTACCCTAAGCCCTGAACTGGGGCAGCCACTTCTGCCTCCTCTC 
ACATTAAGTTGAGAATTTCACGTACAGATC 


6853 


GATCTGTACGTGAAATTCTCAACTTAATGTGAGAGGAGGCAGAAGT. 
GGCTGCCCCAGTTCAGGGCTTAGGGTAGATTCTTGGGAGTGGTCT 
AAGACCACATTCTGATAAMCCCAACTTGC 


6854 


CTAAGCCCTGAACTGGG 


6855 


CCCAGTTCAGGGCTTAG 


6856 
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; : Plants Targeted 
■ Alteration 


.. ......v .- . . -.• • . •-, , s - .............. •■-.-->•.: • ; : ---V •: : -■ -•• 

• 

Altering Gligos 




SEQiD: 


omega-3 fatty acid 
desaturase 
Nicotians tabacum 
Lys34Term 
AAG-TAG 


GCCTCCTCTCACATTTAGTTGAGMTTTCACGTACAGATCTGAGTG 
GTTCTGCAATTTCTTTGTCTAATACTAATA 


OOu/ 


TATTAGTATTAGACAMGAMTTGCAGMCCACTCAGATCTGTACG 
TGAAATTCTCAACTAMTGTGAGAGGAGGCAGAAGTGGCTGCCCC 
AGTTCTGGGCTTAGGGTAGATTCTTGGGAG 


6858 


CTCACATTTAGTTGAGA 




TCTCAACTAAATGTGAG 


6860 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Nicotians tabacum 
Leu35Term 
TTG-TAG 


CAAGAATCTACCCTAAGCCCAGAACTGGGGCAGCCACTTCTGCCT 
CCTCTCACATTAAGTAGAGAATTTCACGTACAGATCTGAGTGGTTC 
TGCAATTTCTTTGTCTAATACTAATAAAGA 


6861 


TCTTTATTAGTATTAGACAAAGAAATTGCAGAACCACTCAGATCTGT 

ACGTGAAATTCTCTACTTAATGTGAGAGGAGGCAGAAGTGGCTGC 

CCCAG7TCTGGGCTTAGGGTAGATTCTTG 


6862 


CATTAAGTAGAGAATTT 


6863 


AAATTCTCIACTTAATG 


6864 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Nicotians tabacum 
Arg36Term 
AGA-TGA 


AGAATCTACCCTAAGCCCAGAACTGGGGCAGCCACTTCTGCCTCC 

* »x^/ w * i x^ ■ ■ ivw w i f t# ix^x^x^x^r vx*** v \x^ i x^x^x^x^x^* tx^x^x^f l i i \s j x^ x^ x^ i x^ xy 

TCTCACATTAAGTTGTGAATTTCACGTACAGATCTGAGTGGTTCTG 
CAATTTCTTTGTCTAATACTAATAAAGAGA 


6865 


TnTCTTTATTAGTATTAGACAAAGAAATTGnAGAArCArTrAGATPT 
GTACGTGAAATTCACAACTTAATGTGAGAGGAGGCAGAAGTGGCT 
GCCCCAGTTCTGGGCTTAGGGTAGATTCT 


vJOOU 


TTAAGTTGTGAATTTrA 


000/ 


TGAAATTCACAACTTAA 


uuuu 


"Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Sesamum indicum 
Arg22Term 
AGA-TGA 


GCGAGTTGGGI 1 1 1 A 1 CAGAATGTGGTCTGAGGCCACTCCCGAGG 
GTCTATCCTAAGCCATGAACTGGCCACCCTTTGTTGAATTCCAATC 
CCACAAAGCTGAGATTTTCAAGAACAGATC 


6869 


GATCTGTTCTTGAAAATCTCAGCTTTGTGGGATTGGAATTCAACAA 
AGGGTGGCCAGTTCATGGCTTAGGATAGACCCTCGGGAGTGGCC 
TCAGACCACATTCTGATAAAACCCAACTCGC 


j 6870 


CTAAGCCATGAACTGGC 


6871 


GCCAGTTCATGGCTTAG 


6872 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Sesamum indicum 
Leu27Term 
TTG-TAG 


CAGMTGTGGTCTGAGGCCACTCCCGAGGGTCTATCCTAAGCCAA 
GAACTGGCCACCCTTAGTTGAATTCCAATCCCACAAAGCTGAGATT 
TTCAAGAACAGATCTTGGAAATGGTTCTTC 


6873 


GAAGAACCATTTCCAAGATCTGTTCTTGAAAATCTCAGCTTTGTGG 
GATTGGAATTCAACTAAGGGTGGCCAGTTCTTGGCTTAGGATAGA 
CCCTCGGGAGTGGCCTCAGACCACATTCTG 


6874 



WO 01/92512 



-195- 



PCT/US01/17672 



; Phenotype, Gene, ... 
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• 
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CCACCCTTAGTTGAATT 


6875 


AATTCAACTAAGGGTGG 


6876 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Sesamum indicum 
Leu28Term 
TTG-TAG 


AATGTGGTCTGAGGCCACTCCCGAGGGTCTATCCTAAGCCAAGAA 
CTGGCCACCCTTTGTAGAATTCCAATCCCACAAAGCTGAGATTTTC 
AAGAACAGATCTTGGAAATGGTTCTTCATT 


6877 


AATGAAGAACCATTTCCAAGATCTGTTCTTGAAAATCTCAGCTTTGT 

GGGATTGGAATTCTACAAAGGGTGGCCAGTTCTTGGCTTAGGATA 

GACCCTCGGGAGTGGCCTCAGACCACATT 


6878 


CCCTTTGTAGAATTCCA 


6879 


TGGAATTCIACAAAGGG 


6880 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Sesamum indicum 
Lys34Term 
AAG-TAG 


CTCCCGAGGGTCTATCCTAAGCCAAGAACTGGCCACCCTTTGTTG 
AATTCCAATCCCACATAGCTGAGATTTTCAAGAACAGATCTTGGAA 
ATGGTTCTTCATTCTGTTTGTCGAGTGGGA 


6881 


TCCCACTCGACAAACAGAATGAAGAACCATTTCCAAGATCTGTTCT 
TGAAAATCTCAGCTATGTGGGATTGGAATTCAACAAAGGGTGGCC 
AGTTCTTGGCTTAGGATAGACCCTCGGGAG 


6882 


ATCCCACAIAGCTGAGA 


6883 


TCTCAGCTATGTGGGAT 


6884 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassica napus 
Tyr3Term 
TAC-TAG 


CATCAGAGCGGCGATACCTAAGCATTGCTGGGTTMGAATCCATG 
GAAGTCTATGAGTTAGGTCGTCAGAGAGCTAGCCATCGTGTTCGC 
ACTAGCTGCTGGAGCTGCTTACCTCAACAAT 


6885 


ATTGTTGAGGTAAGCAGCTCCAGCAGCTAGTGCGMCACGATGGC 
TAGCTCTCTGACGACCTAACTCATAGACTTCCATGGATTCTTAACC 
CAGCAATGCTTAGGTATCGCCGCTCTGATG 


6886 


ATGAGTTAGGTCGTCAG 


6887 


CTGACGACCTAACTCAT 


6888 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassica napus 
Arg6Term 
AGA-TGA 


GCGGCGATACCTAAGCATTGCTGGGTTAAGAATCCATGGAAGTCT 
ATGAGTTACGTCGTCTGAGAGCTAGCCATCGTGTTCGCACTAGCT 
GCTGGAGCTGCTTACCTCAACAATTGGCTTG 


6889 


CAAGCCAATTGTTGAGGTMGCAGCTCCAGCAGCTAGTGCGAACA 
CGATGGCTAGCTCTCAGACGACGTMCTCATAGACTTCCATGGAT 
TCTTAACCCAGCAATGCTTAGGTATCGCCGC 


6890 


ACGTCGTCIGAGAGCTA ' 


6891 


TAGCTCTCAGACGACGT 


6892 
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• 
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SEQID 

NO: 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassica napus 
Glu7Term 
GAG-TAG 


GCGATACCTAAGCATTGCTGGGTTAAGMTCCATGGAAGTCTATGA 

GTTACGTCGTCAGATAGCTAGCCATCGTGTTCGCACTAGCTGCTG 

GAGCTGCTTACCTCAACAATTGGCTTGTTT 


6893 


AAACAAGCCAATTGTTGAGGTAAGCAGCTCCAGCAGCTAGTGCGA 
ACACGATGGCTAGCTATCTGACGACGTAACTCATAGACTTCCATG 
GATTCTTAACCCAGCAATGCTTAGGTATCGC 


6894 


TCGTCAGATAGCTAGCC 


6895 


GGCTAGCTATCTGACGA 


6896 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassica napus 
Gly17Term 
GGA-TGA 


CCATGGAAGTCTATGAGTTACGTCGTCAGAGAGCTAGCCATCGTG 
TTCGCACTAGCTGCTTGAGCTGCTTACCTCAACAATTGGCTTGTTT 
GGCCTCTCTATTGGATTGCTCAAGGAACCA 


6897 


TGGTTCCTTGAGCMTCCAATAGAGARGCCAAArAAGrrAATTGTT 

GAGGTAAGCAGCTCAAGCAGCTAGTGCGAACACGATGGCTAGCT 

CTCTGACGACGTAACTCATAGACTTCCATGG 


OOiJO 


TAGCTGCTTGAGCTGn 






oyuu 


Reduced linolenic acid 

■ ^WMWWV 111 IVI VI HV UVfM 

omega-3 fatty acid 
desaturase 
Solanum tuberosum 
Arg22Term 
AGA-TGA 


GCAAGTTGGGTTCTATCAGAATGTGGTCTTAGACCACTACCAAGAA 
TATACCCAAAGCCCTGAATAGGGTCTTCTTCCGTTTGCGCCACCAA 
TTTAAATCTGAGAAGAATTTCACCTTCAC 


(5901 


GTGAAGGTGAAATTCTTCTCAGATTTAAATTGGTGGCGCAAACGGA 
AGAAGACCCTATTCAGGGCTTTGGGTATATTCTTGGTAGTGGTCTA 
AGACCACATTCTGATAGAACCCAACTTGC 


6902 


CAAAGCCCTGAATAGGG 


6903 


CCCTATTCAGGGCTTTG 


6904 


ixcUUOcU liMUICillU dlrlU 

omega-3 fatty acid 
desaturase 
Solanum tuberosum 
Cys29Term 
TGC-TGA 


T^/TTPTTAf^APPAPTAPf^A AOA ATATAPPPA A APPPPAPA ATAPP 
1 oo ION AVjAULrAO 1 AOLrAAoAA 1 A 1 AOOOAAAoLrLrOAbAA 1 Abo 

GTCTTCTTCCGTTTGAGCCACCAATTTAAATCTGAGAAGAATTTCA 
CCTTCACCTATACGAACAGATCGGAATTGT 


cone 


ACAATTCCGATCTGTTCGTATAGGTGAAGGTGAAATTCTTCTCAGA 
TTTAAATTGGTGGCTCAAACGGAAGAAGACCCTATTCTGGGCTTTG 
GGTATATTCTTGGTAGTGGTCTAAGACCA 




TCCGTTTGAGCCACCAA 


6Q07 


TTGGTGGCICAAACGGA 


6908 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Solanum tuberosum 
Leu33Term 
TTA-TGA 


CACTACCAAGAATATACCCAAAGCCCAGAATAGGGTCTTCTTCCGT 

TTGCGCCACCAATTGAAATCTGAGAAGAATTTCACCTTCACCTATA 

CGAACAGATCGGAATTGTTGGGCATTGAG 


6909 


CTCAATGCCCAACAATTCCGATCTGTTCGTATAGGTGAAGGTGAAA 
TTCTTCTCAGATTTCAATTGGTGGCGCAAACGGAAGAAGACCCTAT 
TCTGGGCTTTGGGTATATTCTTGGTAGTG 


6910 
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• 

- 


• 

Altering Oligos 

• : 


SEQID 

; NO: 




CACCAATTGAAATCTGA 


6911 


TCAGATTTCAATTGGTG 


6912 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Solanum tuberosum 
Arg36Term 
AGA-TGA 


AGAATATACCCAAAGCCCAGAATAGGGTCTTCTTCCGTTTGCGCCA 
CCMTTTAAATCTGTGAAGAATTTCACCTTCACCTATACGAACAGAT 
CGGMTTGTTGGGCATTGAGGGTAAGTG 


6913 


CACTTACCCTCAATGCCCAACAATTCCGATCTGTTCGTATAGGTGA 
AGGTGAAATTCTTCACAGATTTAAATTGGTGGCGCAAACGGAAGAA 
GACCCTATTCTGGGCTTTGGGTATATTCT 


6914 


TAAATrTfiTftAAfiAATT 

1 MAM 1 \~* 1 OJ_V3MMOMM 1 1 


6915 


AATTCTTCACAGATTTA 


6916 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Petroselinum crispum 
Trp4Term 
TGG-TGA 


CTCTTTATTATCCTCCTCTTCTTTG 1 1 1 1 1 1 1 1 GAG ITCTGAGTCACC 

TATGGCAAGTTGAGTGATTTCAGAATGTGGGCTAAGGCCACTTCC 

AAGAATCTATGCCAGGCCCAGAAGTGGA 


6917 


TCCACTTCTGGGCCTGGCATAGATTCTTGGAAGTGGCCTTAGCCC 
ACATTCTGAAATCACICAACTTGCCATAGGTGACTCAGAACTCAAA 
AAAAACAAAGAAGAGGAGGATAATAAAGAG 


6918 


A A HTTC* A C*TC* A 1 1 IP 

AAo 1 1 oAb 1 oA IIIO 


6919 


GAAATCACTCAACTTGC 


6920 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Petroselinum crispum 
Ser7Term 
TCA-TGA 


1 AICCICCICI ICI 1 IGI 1 II 1 1 1 IGAGI ICIGAGICACCIAIGGCA 
AGTTGGGTGATTTGAGAATGTGGGCTAAGGCCACTTCCAAGAATC 
TATGCCAGGCCCAGAAGTGGAGCTTCATG 


6921 


CATGAAGCTCCACTTCTGGGCCTGGCATAGATTCTTGGAAGTGGC 

x^» » i x^f i* »x^xx i x^x^# i\/ i i x^ i x^ x^ x^ x^ xy 1 X^X^X^/ \ 1 # \X^# % 1 1 X^ 1 1 X^ X^# V * V 1 X^X^X^ 

CTTAGCCCACATTCTCAAATCACCCAACTTGCCATAGGTGACTCAG 
AACTCAAAAAAAACAAAGAAGAGGAGGATA 


6922 




6923 


CACATTCTCAAATCACC 


6924 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Petroselinum crispum 
Glu8Term 
GAA-TAA 


TCCTCCTCTTCTTTG 1 1 1 1 1 1 1 1 GAGTTCTGAGTCACCTATGGCAAG 
TTGGGTGATTTCATAATGTGGGCTAAGGCCACTTCCAAGAATCTAT 
GCCAGGCCCAGAAGTGGAGCTTCATGTT 


6925 


AACATGAAGCTCCACTTCTGGGCCTGGCATAGATTCTTGGAAGTG 

GCCTTAGCCCACATTATGAAATCACCCAACTTGCCATAGGTGACTC 

AGAACTCAAAAAAAACAAAGAAGAGGAGGA 


6926 


TGATTTCATAATGTGGG 


6927 


CCCACATTATGAAATCA 


6928 
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■ Altering Oligos . . 
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SEQID 

- ^iri* ^ • • 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CTCTTCTTTGI 1 1 1 1 1 1 1 GAGTTCTGAGTCACCTATGGCMGTTGGG 

TGATTTCAGMTGAGGGCTAAGGCCACTTCCAAGAATCTATGCCA 

GGCCCAGAAGTGGAGCTTCATGTTTCAAC 


6929 


Petroselinum crisDum 

Cys9Term 

TGT-TGA 


GTTGAAACATGAAGCTCOACTTCTGGRnnTGGCATAfiATTrTTftfiA 
AGTGGCCTTAGCCCICATTCTGAAATCACCCAACTTGCCATAGGTG 
ACTCAGAACTCAAAAAAMCAAAGAAGAG 


ficnn 

UcJOU 




TCAGAATGAGGGCTAAG 


uyo i 




CTTAGCCCTCATTCTGA 




Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ATGAAGCAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTA 
ATGGI 1 1 1 CATGCTTAAGAAGAAGAAGAAGAAGAGGATTTCGACTT 
MGCMTCCTCCTCCATTCAATATTGGTC 


6933 


Vemicia fordii 

Lys21Term 

AAA-TAA 


GACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATCCTCTTC 
nCTTCncnCTTAAGCATGAAAACCATTAACGCCATTTAGMTTG 
GGGTGTCTTTGTACTGTTGCTGCTTCAT 


6934 




TTCATGCTTAAGAAGAA 


6935 




TTCTTCTTAAGCATGAA 


6936 


ixuUUl/CU IIIIUlClllO dUlU 

omega-3 fatty acid 
desaturase 


A A f2P Af^P A A P A fTT A P A A A ^ A P A PPPP A ATTPT A A ATPPP^TT A A TP 
AAoOAoUMAOAvj 1 AOAAAoAOALiOl/OAA 1 1 L» 1 AAA I bbUb 1 1 AA 1 o 

Gl 1 1 1 CATGCTAAATAAGAAGAAGAAGAAGAGGATTTCGACTTAAG 
CAATCCTCCTCCATTCAATATTGGTCAGA 




Vemicia fordii 

w VIIIIVIU IV) Wll 

Glu22Term 
GAA-TAA 


nCTTCTTCTTCTTATTTAGCATGAAAACCATTAACGCCATTTAGAA 
TTGGGGTGTCTTTGTACTGTTGCTGCTT 


oyoo 




ATGCTAAATAAGAAGAA 






TTCTTCTTATTTAGCAT 




Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTAATGGTT 
TTCATGCTAAAGAATAAGAAGAAGAAGAGGATTTCGACTTAAGCAA 
TCCTCCTCCATTCMTATTGGTCAGATCC 


6941 


Vemicia fordii 

Glu23Term 

GAA-TAA 


GGATCTGACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATC 
CTCTTCnCTTCTTAnCTnAGCATGAAAACCATTAACGCCATTTA 
GAATTGGGGTGTCTTTGTACTGTTGCTG | 


6942 




CTAAAGAATAAGAAGAA 


6943 




TTCTTCTTATTCTTTAG 


6944 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTAATGGTT 
TTCATGCTAAAGAATAAGAAGAAGAAGAGGATTTCGACTTAAGCAA 
TCCTCCTCCATTCMTATTGGTCAGATCC 


6945 


Vemicia fordii 

Glu24Term 

GAA-TAA 


GGATCTGACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATC 

CTCTTCnCTTCTTATTCTTTAGCATGAAAACCATTAACGCCATTTA 

GAATTGGGGTGTCTTTGTACTGTTGCTG 


6946 
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Altering Oligos . 


SEQID 

NO: 




CTAAAGAAIMGAAGAA 


6947 


TTCTTCTTATTCTTTAG 


6948 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Glycine max 
Tyr21Term 
TAT-TAG 


GGTCCAAGCACAGCCTCTACAACATGTTGGTAATGGTGCAGGGAA 
AGAAGATCAAGCTTA6TTTGATCCAAGTGCTCCACCACCCTTCAAG 
ATTGCAAATATCAGAGCAGCAATTCCAAAA 


6949 


TTTTGGAATTGCTGCTCTGATATTTGCAATCTTGAAGGGTGGTGGA 
GCACTTGGATCAAACTAAGCTTGATCTTCTTTCCCTGCACCATTAC 
CAACATGTTGTAGAGGCTGTGCTTGGACC 


6950 j 


CAAGCTTAGTTTGATCC 


6951 


GGATCAAACTAAGCTTG 


6952 


lACUUUUU IIIIUICIHL' dv/IU 

omega-3 fatty acid 
desaturase 
Glycine max 
Lys31Term 
AAG-TAG 


GGTAATGGTGCAGGGMAGMGATCMGCTTATTTTGATCCAAGTG 
CTCCACCACCCTTCTAGATTGCAMTATCAGAGCAGCAATTCCAAA 
ACATTGCTGGGAGAAGMCACATTGAGAT 


6953 


ATCTCMIGIGI ICI ICICCCAGCAAIGI 1 1 IGGAAI IGCIGCICI 

GATATTTGCAATCTAGAAGGGTGGTGGAGCACTTGGATCAAAATAA 

GCTTGATCTTCTTTCCCTGCACCATTACC 


6954 


CACCCTTCTAGATTGCA 


6955 


TGCAATCTAGMGGGTG 


6956 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Glycine max 
Arg36Term 
AGA-TGA 


AAAGAAGATCAAGCTTATTTTGATCCAAGTGCTCCACCACCC7TCA 
AGATTGCAAATATCTGAGCAGCAATTCCAAAACATTGCTGGGAGAA 
GAACACATTGAGATCTCTGAGTTATGTTC 


6957 


GAACATAACTCAGAGATCTCAATGTGTTCTTCTCCCAGCMTGTTTT 

GGAATTGCTGCTCAGATATTTGCMTCTTGAAGGGTGGTGGAGCA 

CTTGGATCAAAATAAGCTTGATCTTCTTT 


6958 


CAAATATCTGAGCAGCA 


6959 


TGCTGCTCAGATATTTG 


6960 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Glycine max 
Leu41Term 
AM-TAA 


1 A 1 1 1 1 GA 1 CCAAG 1 GO 1 CCACCACCC 1 TCAAGATTGCAAATATCA 

GAGCAGCAATTCCATAACATTGCTGGGAGAAGAACACATTGAGATC 

TCTGAGTTATGTTCTGAGGGATGTGTTGG 


6961 


CCAACACATCCCTCAGAACATAACTCAGAGATCTCAATGTGTTCTT 
CTCCCAGCAATGTTATGGAATTGCTGCTCTGATATTTGCAATCTTG 
AAGGGTGGTGGAGCACTTGGATCAAAATA 


6962 


CAATTCCATAACATTGC 


6963 


GCAATGTTATGGAATTG 


6964 
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SEQiD 


Reduced linolenic acid 

omega-3 fatty acid 

desaturase 

Zea mays 

Glu8Term 

GAG-TAG 


CATCCACCCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGC 
CCGGCTCGTGCTCTCCTAGTGCTCGGGCCTCGCGCCCGTCCGCC 
GCCTGCGCGCCGGCCGGGGCGCCATTGCGGCGC 


6965 


GCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGCGGACGG 
GCGCGAGGCCCGAGCACTAGGAGAGCACGAGCCGGGCCATTGC 
CGCCGTCAGCGGGGCGGGTGCGGGTGCGGGTGGATG 


6966 


TGCTCTCCTAGTGCTCG 


6967 


CGAGCACTAGGAGAGCA 


6968 


Reduced linolenic acid 

omega-3 fatty acid 

desaturase 

Zea mays 

Cys9Term 

TGC-TGA 


ACCCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGCCCGG 
CTCGTGCTCTCCGAGTGATCGGGCCTCGCGCCCGTCCGCCGCCT 
GCGCGCCGGCCGGGGCGCCATTGCGGCGCGGTCA 


6969 


TGACCGCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGCGG 

ACGGGCGCGAGGCCCGATCACTCGGAGAGCACGAGCCGGGCCA 

TTGCCGCCGTCAGCGGGGCGGGTGCGGGTGCGGGT 


6970 


TCCGAGTGATCGGGCCT 


6971 


AGGCCCGATCACTCGGA 


6972 


Reduced linolenic acid 

omega-3 fatty acid 

desaturase 

Zea mays 

SerlOTerm 

TCG-TAG 


CCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGCCCGGCT 

CGTGCTCTCCGAGTGCTAGGGCCTCGCGCCCGTCCGCCGCCTGC 

GCGCCGGCCGGGGCGCCATTGCGGCGCGGTCACC 


6973 


GGTGACCGCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGC 
GGACGGGCGCGAGGCCCTAGCACTCGGAGAGCACGAGCCGGGC 
CATTGCCGCCGTCAGCGGGGCGGGTGCGGGTGCGG 


6974 


CGAGTGCTAGGGCCTCG 


6975 


CGAGGCCCTAGCACTCG 


6976 


Reduced linolenic acid 

omega-3 fatty acid 

desaturase 

Zea mays 

Ser29Term 

TCA-TGA 


GCTCGGGCCTCGCGCCCGTCCGCCGCCTGCGCGCCGGCCGGGG 

CGCCATTGCGGCGCGGTGACCCCCCGCGCTCTCCGCGGCGCCG 

CGCCGTCGTCCCGCGTCCGCGTCCATCCACCGCGA 


6977 


TCGCGGTGGATGGACGCGGACGCGGGACGACGGCGCGGCGCCG 
CGGAGAGCGCGGGGGGTCACCGCGCCGCAATGGCGCCCCGGCC 
GGCGCGCAGGCGGCGGACGGGCGCGAGGCCCGAGC 


6978 


GGCGCGGTGACCCCCCG 


6979 


CGGGGGGTCACCGCGCC 


6980 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Triticum aestivum 
Glu8Term 
GAG-TAG 


CCCCCTCCCCCACGCACACGCACAGATCCATCCGCGGCCATGGC 

CCCCGCAATGAGGCCGTAGCAGGAGGCGAGCTGCAAGGCCACC 

GAGGACCACCGCTCCGAGTTCGACGCCGCCAAGC 


6981 


GCTTGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGTGGCCTTG 
CAGCTCGCCTCCTGCTACGGCCTCATTGCGGGGGCCATGGCCGC 
GGATGGATCTGTGCGTGTGCGTGGGGGAGGGGG 


6982 
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TGAGGCCGTAGCAGGAG 


6983 


CTCCTGCTACGGCCTCA 


6984 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Triticum aestivum 
Gln9Term 
CAG-TAG 


CCTCCCCCACGCACACGCACAGATCCATCCGCGGCCATGGCCCC 

CGCAATGAGGCCGGAGTAGGAGGCGAGCTGCAAGGCCACCGAG 

GACCACCGCTCCGAGTTCGACGCCGCCAAGCCGC 


6985 


GCGGCTTGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGTGGC 
CTTGCAGCTCGCCTCCTACTCCGGCCTCATTGCGGGGGCCATGG 
CCGCGGATGGATCTGTGCGTGTGCGTGGGGGAGG 


6986 


GGCCGGAGTAGGAGGCG 


6987 


CGCCTCCTACTCCGGCC 


6988 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Triticum aestivum 
GlulOTerm 
GAG-TAG 


CCCCCACGCACACGCACAGATCCATCCGCGGCCATGGCCCCCGC 
AATGAGGCCGGAGCAGTAGGCGAGCTGCAAGGCCACCGAGGACC 
ACCGCTCCGAGnCGACGCCGCCAAGCCGCCGC 


6989 


GCGGCGGCTTGGCGGCGTCGMCTCGGAGCGGTGGTCCTCGGT 

GGCCTTGCAGCTCGCCTACTGCTCCGGCCTCATTGCGGGGGCCA 

TGGCCGCGGATGGATCTGTGCGTGTGCGTGGGGG 


6990 


CGGAGCAGIAGGCGAGC 


6991 


GCTCGCCTACTGCTCCG 


6992 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Triticum aestivum 
Cys13Term 
TGC-TGA 


ACGCACAGATCCATCCGCGGCCATGGCCCCCGCAATGAGGCCGG 

AGCAGGAGGCGAGCTGAAAGGCCACCGAGGACCACCGCTCCGA 

GTTCGACGCCGCCMGCCGCCGCCCTTCCGCATC 


6993 


GATGCGGAAGGGCGGCGGCTTGGCGGCGTCGAACTCGGAGCGG 
TGGTCCTCGGTGGCCTTTCAGCTCGCCTCCTGCTCCGGCCTCATT 
GCGGGGGCCATGGCCGCGGATGGATCTGTGCGT 


6994 


GCGAGCTGAAAGGCCAC 


6995 


GTGGCCTTICAGCTCGC 


6996 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Oryza sativa 
Ser4Term 
TCG-TAG 


CTTCACAAATCACAAATCGGAATCAGATCCACCACGACACCCCGG 
CGGCAATGGCGGCGTAGGCGACCCAGGAGGCCGACTGCAAGGC 
TTCCGAGGACGCCCGTCTCTTCTTCGACGCCGC 


6997 


GCGGCGTCGAAGAAGAGACGGGCGTCCTCGGAAGCCTTGCAGTC 
GGCCTCCTGGGTCGCCTACGCCGCCATTGCCGCCGGGGTGTCGT 
GGTGGATCTGATTCCGATTTGTGATTTGTGAAG 


6998 


GGCGGCGTAGGCGACCC 


6999 


GGGTCGCCIACGCCGCC 


7000 
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Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ATCACAAATCGGAATCAGATCCACCACGACACCCCGGCGGCAATG 

GCGGCGTCGGCGACCTAGGAGGCCGACTGCAAGGCTTCCGAGG 

ACGCCCGTCTCnCTTCGACGCCGCCAAGCCCC 


7001 


Oryza sativa 

Gln7Term 

CAG-TAG 


GGGGCTTGGCGGCGTCGAAGAAGAGACGGGCGTCCTCGGAAGC 

CTTGCAGTCGGCCTCCTAGGTCGCCGACGCCGCCATTGCCGCCG 

GGGTGTCGTGGTGGATCTGATTCCGATTTGTGAT 


7002 




CGGCGACCIAGGAGGCC 


7003 




GGCCTCCTAGGTCGCCG 


7004 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ACAAATCGGAATCAGATCCACCACGACACCCCGGCGGCAATGGC 

GGCGTCGGCGACCCAGTAGGCCGACTGCAAGGCTTCCGAGGACG 

CCCGTCTCTTCnCGACGCCGCCAAGCCCCCGC 


7005 


Oryza sativa 

Glu8Term 

GAG-TAG 


GCGGGGGCTTGGCGGCGTCGAAGAAGAGACGGGCGTCCTCGGA 
AGCCTTGCAGTCGGCCTACTGGGTCGCCGACGCCGCCATTGCCG 
CCGGGGTGTCGTGGTGGATCTGATTCCGATTTGT 


7006 




CGACCCAGTAGGCCGAC 


7007 




GTCGGCCTACTGGGTCG 


7008 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


TCAGATCCACCACGACACCCCGGCGGCAATGGCGGCGTCGGCGA 

CCCAGGAGGCCGACTGAAAGGCTTCCGAGGACGCCCGTCTCTTC 

TTCGACGCCGCCAAGCCCCCGCCCnCCGCATC 


7009 


Oryza sativa 

CyslOTerm 

TGC-TGA 


GATGCGGAAGGGCGGGGGCTTGGCGGCGTCGAAGAAGAGACGG 
GCGTCCTCGGAAGCCTTTCAGTCGGCCTCCTGGGTCGCCGACGC 
CGCCATTGCCGCCGGGGTGTCGTGGTGGATCTGA 


7010 




GCCGACTGAAAGGCTTC 


7011 




GAAGCCTITCAGTCGGC 


7012 
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WHAT IS CLAIMED IS: 

1 . An oligonucleotide for targeted alteration of genetic sequence, comprising a single- 
stranded oligonucleotide having a DNA domain, said DNA domain having at least one mismatch with respect 
to the genetic sequence to be altered, and further comprising chemical modifications of the oligonucleotide, 
said chemical modifications selected from the group consisting of an o-methyl modification, an LNA 
modification including LNA derivatives and analogs, two or more phosphorothioate linkages on a terminus, 
and a combination of any two or more of these modifications. 

2. The oligonucleotide according to claim one that comprises two or more 
phosphorothioate linkages on at least the 3' terminus. 

3. The oligonucleotide according to claim one that comprises a 2 -O-methyl analog. 

4. The oligonucleotide according to claim one that comprises an LNA nucleotide, 
including an LNA derivative or analog. 

5. The oligonucleotide according to claim one that comprises a combination of at least 
two modifications selected from the group of a phosphorothioate linkage, a 2-O-methyl analog, a locked 
nucleotide analog and a ribonucleotide. 

6. The oligonucleotide according to any one of claims 1 to 5 that comprises at least 
one unmodified ribonucleotide. 

7. The oligonucleotide according to any one of claims 1 to 6, wherein the sequence of 
said oligonucleotide is selected from the group consisting of SEQ ID NOS: 4341-7012 . 



8. A method of targeted alteration of genetic material, comprising combining the target 
genetic material with an oligonucleotide according to any one of claims 1 to 7 in the presence of purified 
proteins. 
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9. A method of targeted alteration of genetic material, comprising administering to a 
cell extract an oligonucleotide of any one of claims 1 to 7. 

1 0. A method of targeted alteration of genetic material, comprising administering to a 
cell an oligonucleotide of any one of claims 1 to 7. 

11. A method of targeted alteration of genetic sequence in callus, comprising 
administering to the callus an oligonucleotide of any one of claims 1 to 7. 

12. A method of targeted alteration of genetic sequence, comprising combining target 
genetic material with an oligonucleotide according to any one of claims 1 to 7, said target genetic material 
being a non-transcribed DNA strand of a duplex DNA. 

1 3. The genetic material obtained by any one of the methods of claim 8, 9 or claim 1 0, 
1 4 A cell comprising the genetic material of claim 1 3. 

1 5. A plant organism comprising the cell according to claim 1 4. 

1 6. A plant or plant part produced by the method of claim 1 1 . 

1 7. A method of determining whether an oligonucleotide is optimized for targeted 
alteration of a genetic sequence, which comprises: 

(a) comparing the efficiency of alteration of a targeted genetic sequence by an oligonucleotide of 
any one of claims 1 to 7 with the efficiency of alteration of the same targeted genetic sequence by a second 
oligonucleotide, said second oligonucleotide selected from the group of an oligonucleotide that lacks the 
mismatch, a fully modified phosphorothiolated oligonucleotide, a fully modified 7-0-methylated 
oligonucleotide and a chimeric double-stranded double hairpin containing RNA and DNA nucleotides. 
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1 8. The method of claim 1 7 in which the alteration is produced in a plant cell extract 

19. The method of claim 17 in which the alteration is produced in a cell. 

20. A kit comprising the oligonucleotide according to any one of claims 1 to 7 and a 
second oligonucleotide selected from the group of an oligonucleotide that lacks the mismatch, a fully 
modified phosphorothiolated oligonucleotide, a fully modified 2-O-methylated oligonucleotide and a chimeric 
double stranded double hairpin containing RNA and DNA nucleotides. 
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WUd type: GACAGCATgjGCCAGT 
Mutant: GACAGCAT- GCCAGT 
Converted: GAC AGC AT |T)GCCAGT 



Sequence analysis of Tet r plasmid A208 
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HvaE3T/25: 5 1 -AGG GCG TGG ATA CGT CCT GCG GGT A-3 1 



HvaE3T/74 : S'-CTC GTG CTT TCA GCT TCG ATG TAG GAG GGC 

GTG GAT ACG TCC TGC GGG TAA ATA GCT GCG 
CCG ATG GTT TCT AC-3 1 



HvaE3T/74a: 5 ' -GTA GAA ACC ATC GGC GCA GCT ATT TAC CCG 
CAG GAC GTA TCC ACG CCC TCC TAC ATC GAA 
GCT GAA AGC ACG AG- 3 f 



HvaGG/Rev: 

T T 
/ \ / \ 

T ACATCCTCCCGCACCTATGCAGGACGCCCAT T . 
T TGTAGGagggcguggaTAGGTccugcgggua T 
\ / / \ \ / 

T 3 1 5 T T 



Kan70T: 5 '-CAT CAG AGC AGC CAA TTG TCT GTT GTG CCC AGT 
CGT AGC CGA ATA GCC TCT CCA CCC AAG CGG CCG GAG 
A-3 1 



Figure 8 
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